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Introduction
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Laparoscopic surgery in urology
While minimal invasive procedures like ureterorenoscopy (URS) or transurethral resec-
tion of a bladder tumour (TURBT) have been common practice in urology since almost a 
century, the first laparoscopic procedure in urology was only described in 1976. Laparos-
copy (from Ancient Greek λαπάρα (lapara), meaning “flank, side”, and σκοπέω (skopeó) 
[1], meaning “to see”) is an operation in the abdomen or pelvis performed through small 
incisions with the use of longer instruments and a camera. The first procedure in urology 
that was described was a laparoscopy to aid in localizing the cryptorchid testicle [2]. 
Laparoscopy in urology really started to become popular after the first laparoscopic 
nephrectomy by Ralph Clayman in 1990 [3, 4]. Since then, laparoscopy has been success-
fully used to remove genitourinary organs, from kidneys and adrenal to prostates and 
bladders. Also, laparoscopy can be effectively used for many complex reconstructive 
procedures, such as pyeloplasties [5]. 
Potential advantages of laparoscopy are less post-operative pain, earlier recovery and 
smaller scars. Possible disadvantages, however, are higher costs of instrumentation and 
a longer learning curve, due to the indirect view on the operating site, longer instru-
ments, counterintuitive movements of the instruments and diminished haptic feedback. 
Robot-assisted laparoscopy in urology
Robot-assisted laparoscopy is considered to be the evolution of laparoscopic surgery. 
The development of the master-slave surgical robot system resulted from an initiative 
of the US military in the 1960s to remove specialist surgeons from the battlefield and 
employ medical robots to carry out surgery. The North American Space Association 
(NASA) also evaluated the possibility of remote surgery on astronauts. Investments from 
these two organisations led to the development of the master–slave system which is 
commercially available today [6]. 
Currently, the only commercially available telerobotic system for laparoscopic surgery 
in humans is the da Vinci® Surgical System (dVSS) (Intuitive Surgical, Mountain View, CA). 
The dVSS was approved by the Food and Drug Administration (FDA) in 2000, and since 
then clearance for use of this system in many specialties has been granted. In 2000, 
urologists started to use the dVSS to perform radical prostatectomy for prostate cancer 
[7]. Since then, the dVSS has successfully been used for operations on many other organs 
of the urinary tract, such as the kidney [8] and the bladder [9]. 
Introduction of laparoscopy and robot-assisted laparoscopy
The introduction of these techniques was not without conflict. In 2007, the Dutch health 
care inspectorate (IGZ) published a report saying that ‘The risks of minimally invasive 
surgery are being underestimated’ [10, 11]. In this report, the IGZ expressed their con-
cern regarding endoscopic surgery in the Netherlands. They stated that training in 
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endoscopic surgery needed to be improved and should be more uniform in all speciali-
ties. They also stated that assessment and certification of skills should be developed in 
national collaboration to guarantee a minimum level of skills. In 2010, a similar report 
was published with regard to robot assisted laparoscopy [12]. This rapport stated that 
in most hospitals, the criteria for starting robot–assisted laparoscopy were either vague 
or completely lacking. These two reports are very similar and indicate that the health 
authorities and the patients no longer tolerate the negative effects of long learning 
curves as inevitable side effects of innovation. Both reports indicate the lack of a clear 
protocol on how to safely introduce a new technology in surgery, and they emphasize 
the increasing importance of training before the introduction of a new technique.
training laparoscopic surgery
The classic but still most common educational strategy for training surgical skills, the 
master-apprentice model, leads to difficulties when it comes to the introduction of 
radically new technologies, such as laparoscopy. The master-apprentice approach is 
characterized by trainees (postgraduates, novices, apprentices) learning surgical skills 
by practising directly on patients under the supervision of a ‘master’ or supervisor. How-
ever, being the pioneer of a new technique forces professionals to start applying this 
technique by operating on patients without the supervision of a master, simply because 
experienced colleagues are not yet available. 
In laparoscopy, the pioneers came to the conclusion that the ‘unnatural’ counterin-
tuitive psychomotor skills could very well be trained on simulators. By now, simulators 
have been widely implemented in laparoscopic surgical training programmes to train 
psychomotor skills associated with this kind of surgery [13]. Various simulators have 
become available on the market and were validated to facilitate basic laparoscopic skills 
training [14-18]. 
By training basic skills on a simulator, the first part of the learning curve of laparoscopic 
surgery is transferred from the operating room to the skills lab.  Even though a sufficient 
number of experienced masters in laparoscopy have become available in the course of 
the last decade the need for structural skills lab training remains recognized due to legal, 
ethical and financial arguments to prevent training on patients. 
A recent systematic review on the effectiveness of training laparoscopic skills showed 
that training basic laparoscopic skills in a skills lab setting has been proven to improve 
performance in the operating room [19]. However the optimal implementation of simu-
lators in training programmes remains a topic of discussion and investigation, as the 
discussion about training laparoscopy in the skills lab is shifting from: “Is it effective?” to 
“How can it be most effective?”
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training robot-assisted laparoscopy
Compared with laparoscopic surgery, robot- assisted laparoscopic surgery requires other 
psychomotor skills, such as endowrist manipulation and different camera manipulation. 
In contrast to open and laparoscopic surgery, robot-assisted laparoscopy is character-
ized by a complete lack of tactile feedback. The marketing of the dVSS focused on its 
‘intuitive’ usability, and indeed some surgeons stated that changing from laparoscopy 
to robot-assisted laparoscopy only made the procedure easier. However, even for those 
operators transferring from laparoscopy, slow learning curves were described based on 
operating time, complication rates and surgical margins [20, 21]. 
The pioneers in robot-assisted laparoscopy encountered the same difficulties as the 
pioneers in laparoscopy; master-apprenticeship learning was impossible due to the 
lack of experienced colleagues. Besides, in robotic surgery, a supervisor can only give 
verbal guidance instead of hands-on assistance, as in open surgery, due to the single 
console, which allows for only one operator and verbal guidance. Consequently, simu-
lation training was advocated from the start of robot-assisted laparoscopy. While the 
basic laparoscopy skills can be learned using relatively simple box trainers, basic robotic 
skills training requires the whole robotic system to be able to practice. As an alternative, 
various simulators became available and were validated for their ability to facilitate the 
development of basic robot- assisted laparoscopy skills [22].
How to train?
In both laparoscopy and robot-assisted laparoscopy, the need for basic skills training is 
increasingly recognised by professionals in the field. However, optimal implementation 
of simulators in training programmes remains a topic of discussion and investigation. 
Literature suggests that the optimal endpoint for simulator training is the attainment 
of a predefined level, rather than the completion of an arbitrary number of procedures, 
task repetitions or hours using the simulator [23, 24]. Also, criterion-based training is 
supposed to boost resident motivation [25]. 
The development of criterion-based training programmes for laparoscopic and robot-
assisted skills fits into the steady evolution towards competency-based post-graduate 
medical education [26]. This type of training ends when pre-defined competencies have 
sufficiently been acquired, in contrast with time based training, which ends after a pre-
defined time span (e.g. after 2 days of training), regardless of the efforts made or the 
level achieved by the trainee. 
How to assess? 
The difficulty in criterion-based training is to set proper criteria that comprise the 
desired components and the appropriate level of skills. However, there is no point in 
setting criteria, if failure to pass these criteria has no consequence [27]. Therefore the 
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question ‘How to assess’ is an important sequel of the question ‘how to train’. In 1990, 
Miller proposed a framework for clinical assessment in the shape of a pyramid (fig 1). 
At the bottom of the pyramid there is knowledge (knows). There are many who appear 
to believe that this is the only thing that should or can be measured. There is, however, 
more to the practice of medicine, and especially to learning surgery. Therefore, on top of 
knowledge, Miller’s pyramid features ‘knows how’, ‘shows how’ and ‘does’. If we translate 
this to laparoscopy training, we could say that ‘knows’ refers to the knowledge of the 
indications for and difficulties of laparoscopy. ‘Knows how’ refers to training laparoscopy 
skills, ‘shows how’ refers to the demonstration of these skills for assessment, and ‘does’ 
represents the final step of patient related learning. 
In general surgery, the basic laparoscopic skills examination has been in place since 
2004, and certification is a requirement for the American Board of Surgery [28, 29]. In 
urology, however, the qualification and certification of laparoscopic skills performance 
are still in a preliminary phase. Tjiam et al. developed the programme for laparoscopic 
urological skills (PLUS) in response to urgent calls from health care authorities and the 
public for well-defined proficiency standards to safeguard the quality of care [30, 31]. 
PLUS has been implemented on a national level in the Netherlands as a ‘basic laparos-
copy examination’. The PLUS examination offers quality and time criteria for the comple-
tion of basic laparoscopic tasks and a certification standard for residents based on the 
generalized examinee-centred method [32]. The pass/fail criteria for time and quality of 
performance per task were set on the novice/intermediate boundaries. 
Knows 
Knows how 
Shows how 
Does 
Fig. 1 Millers pyramid
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For robot-assisted laparoscopy, basic skills programmes have been described as well 
[33], but to date, a widely accepted basic skills programme and examination for this type 
of surgery do not exist. 
General problem definition
In this thesis, we focused on pre-clinical training of laparoscopy and robot-assisted 
laparoscopy in urology. This thesis investigates how we should train these skills and how 
we can ensure that residents achieve the appropriate level of skills before embarking on 
patient-related learning. The main research questions are how skills training in laparos-
copy and robot-assisted laparoscopy should be structured and how the skills learned 
should be assessed. 
outline of this thesis
Chapter 2 offers an answer to the sub-question: Which type of training is better for 
learning basic laparoscopic skills with respect to training outcome, transferability and 
retention of skills: criterion-based training or time based training? This chapter describes 
a study that compared these types of training in novice participants on a virtual reality 
simulator. 
Chapter 3 offers the answer to the sub-question: Is the outcome of training basic 
laparoscopic skills affected by using a mix of different simulation tools instead of one 
single simulation tool? This chapter describes a study that compared training with dif-
ferent simulation devices (a box trainer, an augmented reality trainer and a virtual reality 
trainer) with training on only one simulation device (a virtual reality simulator). 
After answering the question how to structure laparoscopy training, we continue 
with the question ‘how to assess laparoscopy training’. In chapter 4, the results of the 
European Basic Laparoscopic Urological Skills examination (E-BLUS) are described. 
The results of this study provide an answer to the sub question: What is the level of 
laparoscopic skills of European final year residents in urology? They also answer the sub 
question: Do participants of the E-BLUS pass the examination according to the previ-
ously validated criteria? 
While the basic skills examination on a box trainer was investigated in chapter 4, we 
wondered if we could also assess the basic skills examination on a virtual reality simula-
tor. This gave rise to three sub questions: Are performance scores of a box trainer inter-
changeable with the virtual equivalent of the exercise? Does training on the box trainer 
affect performance on the VR simulator and vice versa? Which simulation system does 
the target group prefer for training? These sub questions were answered in chapter 
5, where we described a cross-over study we performed with experienced and novice 
participants to compare box-trainer assessment and virtual reality assessment. 
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Chapter 6 gives insight into the learning curve patterns of the da Vinci skills simula-
tor and provides answers to two sub questions: What are the learning curve patterns 
of novices on a robot simulator’s parameters? What parameters are appropriate for 
criterion-based robotic basic skills training? We tested 17 novices on the da Vinci skills 
simulator and compared their learning with the performance of expert robot urologists. 
In chapter 7, we used a questionnaire and interviewed experienced robot urologists 
to answer two sub questions: How did the first generation of robot urologist train, and 
how should we structure robotic training for the next generation? The findings of the 
preceding chapters are summarized and discussed in chapter 8.
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AbstRACt 
Introduction 
The benefits of criterion based laparoscopic training over time oriented training are un-
clear. The purpose of this study is to compare these types of training based on training 
outcome and time efficiency. 
Methods 
During four training sessions within 1 week (one session per day) 34 medical interns 
(no laparoscopic experience) practiced on two basic tasks on the Simbionix LAP Mentor 
virtual-reality (VR) simulator: ‘clipping and grasping’ and ‘cutting’. Group C (criterion-
based) (N = 17) trained to reach predefined criteria and stopped training in each session 
when these criteria were met, with a maximum training time of 1 h. Group T (time based) 
(N = 17) trained for a fixed time of 1 h each session. Retention of skills was assessed 1 
week after training. In addition, transferability of skills was established using the Haptica 
ProMIS augmented-reality simulator. 
Results 
Both groups improved their performance significantly over the course of the training 
sessions (Wilcoxon signed ranks, P <0.05). Both groups showed skill transferability and 
skill retention. When comparing the performance parameters of group C and group T, 
their performances in the first, the last and the retention training sessions did not differ 
significantly (Mann–Whitney U test, P >  0.05). The average number of repetitions needed 
to meet the criteria also did not differ between the groups. Overall, group C spent less 
time training on the simulator than did group T (74:48 and 120:10 min, respectively; P 
= 0.001). Group C performed significantly fewer repetitions of each task, overall and in 
session 2, 3 and 4. 
Conclusions 
Criterion based training of basic laparoscopic skills can reduce the overall training time 
with no impact on training outcome, transferability or retention of skills. Criterion based 
should be the training of choice in laparoscopic skills curricula. 
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IntRoduCtIon
Virtual-reality (VR) simulators are widely implemented in laparoscopic surgical training 
programmes to train psychomotor skills associated with this kind of surgery [1]. By 
training basic skills on a virtual-reality simulator, the first part of the learning curve of 
laparoscopic surgery is moved out of the operating room into the skills lab. Training 
basic laparoscopic skills in a skills-lab setting is proven to improve performance in the 
operating room [2, 3]. 
Different simulators have been produced and validated for training of basic lapa-
roscopic skills [4, 5]. However, the optimal implementation of simulators in training 
programs remains a topic of discussion and investigation. Due to the implementation 
of European legislation that reduced trainee working hours and the increased workload 
due to rising use of healthcare facilities, training time needs to be used as efficiently 
as possible [6]. Therefore, it is important to know what is the most beneficial skills-lab 
training time, training schedule and training program. Research has shown, for instance, 
that an optimal training program is distributed over more days [7, 8]. Recent literature 
also suggests that the optimal endpoint for simulator training is the attainment of a 
predefined level (criterion based training), rather than the completion of an arbitrary 
number of procedures, task repetitions or hours using the simulator (time based train-
ing) [9, 10]. Also criterion based training is supposed to boost resident motivation [11]. 
While the performance and motivational benefits of criterion based VR simulator train-
ing have been demonstrated in previous studies, the training time benefits associated 
with such training are unclear [9–11]. The purpose of this study is to compare criterion 
based training with time based training to investigate whether criterion based training 
is better than time based training with respect to training outcome, transferability of 
skills, skills retention and training time. 
MetHods And MAteRIALs 
Protocol 
In this study, 34 medical interns completed a simulator training program of four training 
sessions within 1 week (one session per day). In the introduction to the study it was 
explained to the participants that the researchers were not affiliated with the manu-
facturer of the simulator and that all data would be analysed anonymously. Informed 
consent was given by all participants (N = 34), after which they commenced the study by 
filling out a questionnaire about demographics and prior laparoscopic or laparoscopic 
simulation experience (Fig. 1). Subsequently, the participants watched a demonstration 
video about laparoscopic simulation and usage of the tools. They all started training 
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N=17 
Day 1: 
Base level on ProMIS 
Translocation and sharp dissection 
30 min training on LAPMentor 
Clipping & grasping and Cutting 
Day 2 
60 min training on LAPMentor  
Clipping & grasping and Cutting 
Day 2 
Training to criteria on LAPMentor  
Clipping & grasping and Cutting  
(max 60 min) 
N=34 
Demovideo 
Informed consent 
Questionnaire 
Day 4 
30 min training on LAPMentor  
Clipping & grasping and Cutting  
End level on ProMIS 
Translocation and sharp dissection 
After 1 week 
LAPMentor: Clipping & grasping 
and cutting 
ProMIS: Translocation and sharp 
dissection 
N=17 
Day 1: 
Base level on ProMIS 
Translocation and sharp dissection 
Training to criteria on LAPMentor 
Clipping & grasping and Cutting 
(max 30 min) 
Day 3 
60 min training on LAPMentor  
Clipping & grasping and Cutting 
Day 3 
Training to criteria on LAPMentor  
Clipping & grasping and Cutting  
(max 60 min) 
Day 4 
Training to criteria on LAPMentor  
Clipping & grasping and Cutting 
(max 30 min)  
End level on ProMIS 
Translocation and sharp dissection 
Fig. 1 The study protocol
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on the ProMIS I or III augmented-reality (AR) simulator (Haptica, Dublin, Ireland) to 
determine a baseline performance level. The simulator displayed a demonstration video 
previous to the task, and step-by-step verbal explanation was given by the simulator 
during the training. All participants performed twice a translocation task and twice a 
sharp dissection task. The first exercise was to become familiar with the simulator; the 
second repetition was used to determine the baseline performance level. Thereafter, all 
participants received the same introduction on the LAP Mentor II simulator (Simbionix 
Corp., Cleveland, USA) (Fig. 2) by three informative posters. The participants performed 
the clipping and grasping task (task 5) and the cutting task (task 7) on the LAP Mentor. 
The second repetition on day 1 on the LAP Mentor was used to determine a baseline per-
formance level, and the last repetition of each task on day 4 was used for the post-test. 
Fig 2. The LAP Mentor
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After training on day 4, a post-training performance level was established by per- form-
ing twice the same translocation and sharp dissection task as on day 1 on the ProMIS 
(Fig. 1). The level of retention was established 1 week after training by performance of 
the two tasks on the LAP Mentor and the Pro- MIS. The participants, 34 medical interns in 
total (21 from Eindhoven, The Netherlands, and 13 from Athens, Greece), were randomly 
allotted to one of two groups. In the first group (group T, N = 17) the training was time 
based. Participants in group T performed the clipping and grasping task and the cutting 
task on the LAP Mentor for a fixed time period (Fig. 1). They completed four training 
sessions within 7 days on the LAP Mentor (180 min in total). 
A 4-day training program with 1-h sessions (maximum) was chosen to ensure that the 
participants would overcome the initial learning curve [12] and assure that some over- 
training would take place. We divided training over multiple days to improve training 
performance [7] and to prevent exceeding a maximum of one training hour a day, the 
estimated maximum time besides an intern’s mandatory clinical attendance. 
The second group (group C, N = 17) trained on the LAP Mentor until their perfor-
mances matched specific predefined performance criteria (Table 1). The criteria used in 
this study were derived from the performances of experienced surgeons [13]. When the 
participants in group C achieved the criteria on each task twice, they could stop training 
on that task for that day. The consecutive training day, they trained again until they 
achieved the criteria. 
table 1 Description of tasks and Criteria
Simulator Basic Skill Description of skill task Criteria
LAP Mentor Task 5 Clipping & grasping Grasp a leaking duct, stretch 
it until the red segment 
turns green and place a clip 
on the green segment
Time ≤ 1:41
Clipped ducts = 9
Accuracy rate ≥90 %
Eco of mov clipper ≥ 60.2%
Eco of mov grasper ≥ 54,1%
Task 7 Cutting Retract the form and cut the 
fibres in a circle
Total time ≤ 1:30
Accuracy rate =100 %
Safe retraction ≥75 %
Total path length right instr. 
≤ 251.3 cm
Total path length left instr. 
≤ 83.3 cm
ProMIS Instrument handling: Object 
positioning
Pick up a number of 
objects, and place them in a 
specified target area
Dissection Dissect a circle out of a 
stretched rubber glove
23Criterion based laparoscopic training reduces total training time
equipment 
The LAP Mentor is a VR-based laparoscopic training system. The software of the LAP 
Mentor II offers a variety of basic and procedural tasks in a VR environment to train 
different laparoscopy skills. After the performance of each task, the software provides 
numerical scores. In this study two basic tasks were used: ‘clipping and grasping’ and 
‘cutting’. 
The ProMIS augmented-reality (AR) simulator was used in this study to assess the 
transferability of the skills learned on the LAP mentor. The ProMIS AR simulator consists 
of a torso-shaped mannequin with a neoprene cover, containing an instrument tracking 
system. Different trays may be placed in the mannequin for each task, such as for the 
‘translocation’ and the ‘dissection’ tasks we used in this study. The tasks are performed 
with AutoSuture dis- posable 5-mm Endo Clinch and Endo Shears (Covidien, Dublin, 
Ireland). 
statistics 
The Dutch participants (N = 21) used a ProMIS I system, while the Greek participants 
(N = 13) trained on a ProMIS III system. Because of different data output settings, we 
analysed the two groups separately. All data were processed and analysed using the 
Statistical Package for the Social Sciences 18.0 (SPSS Inc., Chicago, USA). To analyse 
the differences in performances the Mann–Whitney U test (between the groups) and 
Wilcoxon signed-rank test (within the groups) were used. P value\0.05 was considered 
as statistically significant. 
ResuLts 
All participants (N = 34) in both of the groups improved their performances on the LAP 
Mentor tasks significantly over the course of the training sessions based on the param-
eters of time, economy of movement and path length. Figure 3 presents box plots of two 
parameters tested on the LAP Mentor: time and path length, for both tasks. Comparing 
the performance parameters of group C and group T, their performances in the first, the 
last and the retention training sessions did not differ significantly between the groups. 
In both groups the skills acquired on the LAP Mentor transferred equally to their per-
formances on the ProMIS; their performance on the ProMIS simulator improved between 
the pre-test and the post-test. Improvement was not significant for all tested parameters 
(Tables 2, 3). Participants in both groups showed skill retention in task performance on 
the LAP Mentor and ProMIS simulator. Performance on the retention test did not differ 
signifi- cantly from the post-test (Tables 2, 3). 
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Besides the performance metrics of both groups, we analysed the number of repeti-
tions of tasks and the total time spent on the simulator. Group C performed significantly 
fewer repetitions of each task, overall and in session 2, 3 and 4 (Table 4). Altogether, 
group C spent significantly less time training on the simulator than group T (74:48 and 
120:10 min, respectively; P =<0.001) (Table 5). Retrospectively, the average number of 
repetitions needed to meet the criteria did not differ significantly between the groups 
(Table 4), although Group T was unaware of the criteria. 
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25Criterion based laparoscopic training reduces total training time
table 2: Simulator scores ProMIS I  (n=21)
Pre test Post test
 
Retention Pre test-
post test
Post test-
retention
mean 
(min-max)
mean 
(min-max)
mean 
(min-max)
p-value* p-value*
Sharp 
Dissection
Dominant 
Instrument 
Time (sec)
Group C 390
(217-644)
197
(125-293)
183
 (124-341)
ns ns
Group T 385 
(182-697)
215
(106-468)
224 
(94-414)
ns ns
Dominant 
Instrument 
Path [15]
Group C 660
(333-1146)
417 
(246-631)
383
(252-508)
0.028 ns
Group T 686 
(224-1078)
486
(196-927)
441
(196-641)
0.016 ns
Object 
Positioning
Dominant 
Instrument 
Time [15]
Group C 186 
(137-266)
165
(95-302)
116
(72-152)
ns ns
Group T 275 
(113-493)
163 
(112-293)
148 
(91-213)
0.013 ns
Dominant 
Instrument 
Path [15]
Group C 506 
(294-1373)
683
(247-3588)
344
(207-714)
ns ns
Group T 596
(285-951)
432
(256-864)
399 
(288-532)
0.041 ns
*Within group analysis, Wilcoxon signed rank ns=not significant
table 3: Simulator scores ProMIS III  (n=13)
Pre test Post test Retention Pre test-
post test
Post test-
retention
mean 
(min-max)
mean 
(min-max)
mean 
(min-max)
p-value* p-value*
Sharp 
Dissection
Time in sec Group C 401
(276-511)
334 
(144-611)
292 
(181-416)
ns ns
Group T 434 
(255-615)
368
 (173-624)
345
(215-592)
ns ns
Economy 
of mov
Group C 1083 
(717-1464)
993 
(443-1984)
975 
(609-1491)
ns ns
Group T 1035 
(679-1383)
894
(463-1603)
924 
(582-1460)
ns ns
Object 
Positioning
Time in sec Group C 227 
(169-273)
132 
(109-185)
119
(92-173)
0.028 ns
Group T 189
(114-248)
129 
(80-178)
123
 (96-141)
0.028 ns
Economy 
of mov
Group C 679 
(359 -962)
395 
(270-585)
358 
(255-490)
0.046 ns
Group T 504
(325-603)
355 
(245-495)
348
(258-426)
0.028 ns
*Within group analysis, Wilcoxon signed rank ns=not significant
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dIsCussIon 
In this study, we show that training time can be significantly reduced using criterion 
based training instead of time based training. Training results for the two training meth-
ods did not differ significant. We confirm that novices can extensively improve their skills 
in basic laparoscopy by training on the LAP Mentor. Both groups showed equal retention 
of skills. The skills learned on the LAP Mentor do transfer to a different laparoscopy simu-
lator, the ProMIS. Previous studies have shown advantages of criterion based training in 
training outcome and in operating performance [9, 10]. These studies did not describe 
training time benefits, because training time was fixed and equal in both groups. The ab-
solute performance benefits of criterion based training shown by Gauger et al. [10] were 
not found by our study. The fact that the criterion based group (group C) in our study 
did not significantly outperform the time based group (group T) can partly be explained 
by the significant differences in the total amount of repetitions and the associated total 
training time in favour of group T. This was a direct consequence of the training proto-
col, forcing the participants in group T to continue training despite their performance. 
Nevertheless it would be expected that group T, which trained with significantly more 
repetitions and longer duration, would outperform the other group in the post-test or 
retention level. This was not the case. The equal post-test performance in both groups 
despite the significantly fewer repetitions in group C can presumably be related to the 
table 4: Number of repetitions required by the participants to achieve the criteria for the LAP Mentor 
tasks*
Criterion based group 
mean (min-max)
Time based group
mean (min-max)
p-value
Clipping and grasping 16.53 (6-43) 15.24 (4-32) ns
Cutting 10.31 (2-25) 13.47 (2-63) ns
Mann-Whitney U test, two-tailed, NS=not significant
* Please note that the participants in Group T were not informed about the criteria
table 5: Number of task repetitions performed by the participants per day
Criterion based group
mean (min-max)
Time based group 
mean (min-max)
p-value
Day 1 3.79   (1-7) 4.38   (2-14) ns
Day 2 8.38   (2-23) 12.97 (6-28) <0.001
Day 3 6.15   (2-17) 16.56 (10-25) <0.001
Day 4 4.15   (2-11) 9.68   (3-14) <0.001
Total 24.29 (14-60) 45.53 (28-78) <0.001
Total training time (min) 73.71 (48.13-121.57) 120.17  (96.83-158.62) <0.001
Mann-Whitney U test, two-tailed, ns=not significant
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lower amount of overtraining in the criterion based training. Some overtraining can be 
beneficial, although too much extra practice can lead to poor test performance [14]. In 
our study, group T had extensively extra practice; while criteria were reached after an 
average of 15 repetitions for the clip- ping and grasping task and 13 repetitions for cut-
ting task, the average total repetitions were 46 and 45, respectively. The performances 
on the simulator did not improve significantly during that extra training. When using the 
criteria as optimal endpoint, there was approximately 200% overtraining in repetitions. 
Group C did have some overtraining as well, because of the requirement to reach the 
criteria on every training day, however this was far less than for group T. It seems that 
identification of training criteria or benchmarks and a related training endpoint can 
reduce excessive over practice and corresponding unnecessary training time. 
Another contradiction with previous research is that we did not find a significant 
difference in our study between the groups in terms of the number of repetitions 
needed to achieve the criteria, even though these were shown to the participants. In 
other studies [9, 10], when criteria were made known to the participants, the number 
of repetitions needed to meet the criteria did decrease. There are two possible explana-
tions for this contradiction. The first is that criteria were possibly set too easy, so that 
they were effortlessly reachable with or without known criteria. The second is the fact 
that the time based group had knowledge of their results; they were equally aware of 
their performance and improved because of the feedback from the simulator after each 
exercise. This may have caused the participants in this group to train on improving their 
own scores, converting the training in some way to criterion based training in which 
they set their own criteria. 
Limitations 
Due to two different test locations, we used two different ProMIS simulators. Because of 
different output settings, we could not perform a combined analysis. 
ConCLusIons 
The outcome of this study allows us to conclude that criterion based training is more 
time efficient than time based training in training of basic laparoscopic skills. It is recom-
mended to develop future curricula as criterion based. Therefore, one of the first steps 
in implementing new, or revising existing, curricula should consist of implementing 
criterion based training with predefined criteria. 
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AbstRACt
Introduction
Even though literature provides compelling evidence suggesting the value of simulators 
for training of basic laparoscopic skills, the best way to incorporate them into a surgi-
cal curriculum is unclear. This study compares the training outcome of single modality 
training with multi modality training of basic laparoscopic skills. 
Methods
Thirty-six medical students without laparoscopic experience performed six training ses-
sions of 45 minutes each, one per day, in which four different basic tasks were trained. 
Participants in the single-modality group (S) (N=18) practised solely on a virtual reality 
(VR) simulator. Participants in the multi-modality group (M) (N=18) practised on the 
same VR simulator (2x), a box trainer (2x), and an augmented reality simulator (2x). All 
participants performed a pre-test and post-test on the VR simulator (the four basic tasks 
+ one additional basic task). Halfway the training protocol, both groups performed a 
salpingectomy on the VR simulator as interim test
Results
Both groups improved their performance significantly (Wilcoxon Signed Ranks P<0.05) 
The performances of group S and group M in the additional basic task and the salpin-
gectomy did not differ significantly (Mann Whitney U, P>0.05), Group S performed the 
four basic tasks in the post-test on the VR faster than Group M (P≤0.05), which can be 
explained by the fact that they were much more familiar with these tasks. 
Conclusion
Training of basic laparoscopic tasks on single or multiple modalities does not result in 
different training outcome. Both training methods seem appropriate for the attainment 
of basic laparoscopic skills in future curricula. 
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IntRoduCtIon
Laparoscopic surgery requires additional psychomotor skills on top of the skills needed 
in open surgery. These additional skills among others consist of handling of longer 
instruments, counter intuitive movements of the instruments and indirect view of the 
operating field. Laparoscopic basic skills are pre-eminently suitable to train in a pre-
clinical setting. Previous research proves that training in a pre-clinical setting improves 
performance in the operating room.[1, 2] By acquiring basic skills in a pre-clinical setting, 
residents can concentrate in the OR better at the performance of the actual procedure. 
The last decade there has been a lot of research about the pre-clinical training model. 
Different simulators have become available on the market and were validated to fa-
cilitate basic laparoscopic skills training.[3-9] However, the optimal implementation of 
simulators in training programmes remains topic of discussion and investigation. Due 
to the implementation of European legislation (European Work Time Directive) that 
reduced trainee working hours [10] and the increased workload due to rising use of 
health care facilities, training time needs to be used as efficient as possible. Therefore 
it is important to make optimal and evidence based use of the available simulators, to 
assure the highest possible training outcome.
Often training centres use a mix of different simulation tools in their courses such as 
combining virtual reality (VR) simulators and box trainers. In general we can make a 
distinction between multi modality training (training on different types of simulators) 
and single modality training (training on one type of simulator). 
Single modality training for instance on a VR simulator can be appealing, because 
trainees performance can be easily tracked and VR training is suitable for independent 
training because the simulator provides feedback through numerical scores at the end 
of every exercise. Previous studies show that a whole training curriculum can be based 
on one VR simulator.[11] Nevertheless one of the problems in training of basic tasks on 
one simulator is to keep the trainee sufficiently engaged to practise the tasks deliber-
ately. A mix of training modalities can possible make the training more convenient and 
can prevent trainees’ boredom. Besides the possible prevention of boredom, literature 
suggests that practice variability can improve training outcome and therefore gives 
another argument to diversify training by using a mix of training tools. [12] However, it 
is important to know that training outcome is not affected by variation in training tools.
The purpose of this study is to compare single modality training with multi modality 
training for acquiring basic laparoscopic skills. Is the training outcome affected by use of 
a mix of different simulation tools over the use of one single simulation tool?
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MAteRIALs en MetHods
Protocol
In this study, 36 medical interns completed a training program of six sessions within two 
weeks. (fig. 1) In the introduction to the study it was explained to the participants that 
the researchers were not affiliated with the manufacturer of the simulator and that all 
data would be analysed anonymously. Informed consent was given by all participants 
(N=36) after which they commenced the study by filling out a questionnaire about 
demographics and prior laparoscopic or laparoscopic simulation experience. The par-
ticipants were randomly divided in 2 groups. In total all participants trained six times 
for 45 minutes. Group S trained single-modality, only on the LAP Mentor and group M 
trained multi modality, on the LAP Mentor, the ProMIS III augmented reality simulator 
and on a box trainer. The pre- and post-test was the same for both groups (table 1) and 
consisted of five different basic skills on the LAP Mentor in a set order. After the pre-test, 
Group L continued training on the LAP Mentor on the tasks 5,6,7 and 8 (Table 1) Group 
M continued training on three modalities; the LAP Mentor, the ProMIS III augmented 
reality simulator and on a box trainer. As an interim assessment and to keep the train-
ees motivated both groups performed two full procedure salpingectomies on the VR 
Group S (N=18) 
3x45min training on LAP Mentor         
Group M (N=18) 
1x45min training on LAP Mentor  
1x45min training on ProMIS 
1x45min training on box trainer 
Laparoscopic salpingectomy on 
LAP Mentor 
Questionnaire (N=36) 
Laparoscopic salpingectomy on 
LAP Mentor	  
3x45min training on LAP Mentor 1x45min training on LAP Mentor  
1x45min training on ProMIS 
1x45min training on box trainer	  
Post test (N=36)	  
Pre test (N=36) 
Figure 1 The study protocol
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table 1 Performed basic tasks on the different simulators
Pre- and post-test training
simulator task description Group s Group M Group s Group M
LAP Mentor Task 5 Clipping 
and Grasping
Grasp a leaking duct, stretch 
it until the red segment turns 
green and place a clip on the 
green segment
ü ü ü ü
Task 6 Two-
handed 
manoeuvres
Locate the jelly mass, move 
part of the jelly aside until a 
red ball turns green and pick 
up the green ball and put it in 
the basket
ü ü ü ü
Task 7 Cutting Retract the form and cut the 
fibres in a circle
ü ü ü ü
Task 8 
Electrocautery
Cut a highlighted band with a 
hook electrode, do not touch 
other bands
ü ü ü ü
Task 9 
Translocation of 
objects
Lift the object and place it 
exactly into the transparent 
object matching the same 
colour sides
ü ü
ProMIs Instrument 
handling 1: 
Locating and 
coordinating
Touch and/or track a series of 
fixed and dynamic objects in 
a virtual environment
ü
Instrument 
handling 
2: Object 
positioning
Pick up a number of objects, 
transfer them from one hand 
to another and place them in 
a specified target area
ü
Instrument 
handling 
3: Tissue 
manipulation
Stretch simulated tissue from 
one marked point to another ü
Dissection Dissect a circle out of a 
stretched rubber glove
ü
box trainer Pipe cleaner Place a pipe cleaner through 
4 small rings
ü
Placing rubber 
band
Stretch a rubber band around 
16 nails on a wooden board
ü
Placing beads Place 13 beads to form the 
letter ‘B’
ü
Cutting circle Cut a circle from a rubber 
glove stretched around a 
plastic cup
ü
All basic tasks performed for pre- and post-test and the 6 x 45 minutes training sessions by the single 
modality (group S) and the multi modality group (group M) 
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simulator halfway the training protocol after a video demonstration of the task. The first 
repetition was used to get familiar with the procedure, the second repetition was used 
for performance assessment.
equipment
The LAP Mentor II (Simbionix Corp. Cleveland, USA) is a VR based laparoscopic training 
system. The software of the LAP Mentor II offers a variety of basic and procedural tasks 
in a VR environment to train different laparoscopy skills. After the performance of each 
task, the software provides numerical scores. In this study we used five different basic 
tasks, and a full procedure salpingectomy case.
The ProMIS 3 augmented reality simulator (Haptica, Dublin, Ireland) for laparoscopic 
training. The laparoscopic interface consists of a torso shaped mannequin. For each task 
different trays must be placed in the mannequin. In this study we used trays for four 
basic tasks. (Table 1) The tasks were performed with AutoSuture disposable 5mm Endo 
Clinch and Endo Shears (Covidien, Dublin, Ireland).
The box trainer that was used in this study was a trainer with an inanimate set, designed 
and developed by the Leiden University Medical Centre (LUMC), in the Netherlands [3, 
13]. The simulator consists of a box with a non-transparent cover. It is equipped with 
a 30° scope (Karl Storz). The tasks were performed with Karl Storz laparoscopic instru-
ments (Karl Storz, Germany). Four different basic tasks were used (Table 1). 
statistics
All data were processed and analysed using Statistical Package for the Social Sciences 
18.0 for Mac (SPSS inc., Chicago, USA). To analyse the differences in performance the 
Mann-Whitney U test (between groups comparison) and Wilcoxon signed rank-test 
(within groups comparison) were used. A p-value of < 0.05 was considered as statistical 
significant. Due to technical problems a part of the participants of both groups (n=9) 
trained task 9, the task pre-served for pre- and post-test, during training sessions. In 
the analysis of the pre-and post-test performance we separated this participants but 
included them in the analysis of the salpingectomy.
ResuLts
Results of the questionnaire about demographics and prior laparoscopic experience did 
not differ significantly between the two groups; none of the participants had previous 
laparoscopic experience or laparoscopic training. At the pre-test, there were no statisti-
cally significant differences between the two groups on the parameters time, path length 
and number of movements of the five basic tasks on the LAP Mentor. The performance 
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Single modality
Multi modality
Task 5: clipping and grasping
Task 7: cutting Task 8: electrocautery
Task 9: translocation of objects
Task 6:  two-handed maneuvers
Figure 2 Box plots of time performance of the single modality group (n=14) and the multi modality 
(n=13) for the five basic tasks on the LAP Mentor, on pre-test and post-test. Within group analyses 
performed with the Wilcoxon signed ranks test and between the two groups with the Mann-Whitney U 
test (only the significant differences are presented). * =  significant difference of P<0.05 
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level of both groups significantly improved when comparing the pre-test and post-test 
performance for the time, path length and number of movement (Wilcoxon signed rank, 
p < 0,05). On post-testing, the score time of group S was significantly better than those 
of group M, as well as for path length and number of movements for all tasks (p < 0,05), 
except for task 9. Figure 2 present the performances of both groups in the pre- and 
post-test for the time to complete the basic tasks. None of the parameters of tasks 9 dif-
fered significant between the groups (Table 2). None of all parameters of the procedural 
salpingectomy assessment task differed significantly between the two groups (Table 3).
dIsCussIon
The purpose of this study was to compare single modality training with multi modality 
training for acquiring basic laparoscopic skills. In this study we show that performance 
outcome of training basic skills does not differ between multi and single modality 
training. Training results for both training methods did not differ significant on the task 
that was preserved for pre- and post-test only.  We confirm that novices can extensively 
improve their skills in basic laparoscopy by training on the LAP Mentor solely, but also 
on different training modalities as the ProMIS simulator and a box trainer. These results 
are in line with previous studies on basic skills training [14-19].
table 2 Parameters of both groups (n=27) on task 9, preserved pre- and post-test task and comparison of 
the groups in post test (Mann Whitney U test) (ns = not significant) 
single modality
Mean (min-max) 
(n=15)
Multi modality
Mean (min-max) 
(n=14)
P- value
Time (min) 9 (4.0-19.0) 9 (5.0-18.0) ns
Number of objects 6,0 (6.0-6,0) 6,0 (6.0-6.0) ns
Number of properly placed objects 5,0 (5.0-5.0) 5,0 (5.0-5.0) ns
Number of translocations 41,8 (21.0-105.0) 44,0 (13.0-92.0) ns
Average Number of translocations per object 8,4 (4.2-21.0) 8,8 (2.6-18.4) ns
Efficiency of translocations (%) 67,7 (22.9-100.0) 61,8 (26.1-100.0) ns
Number of dropped objects 27,0 (10.0-71.0) 27,4 (7.0-78.0) ns
Number of movements of right instrument 738,4 (366.0-1210.0) 728,6 (422.0-1630.0) ns
Number of movements of left instrument 679,5 (290.0-1344.0) 659,9 (390.0-1156.0) ns
Total path length of right instrument (cm) 2241,7 (1180.1- 4067.0) 2045,9 (1013.2-5607.0) ns
Total path length of left instrument (cm) 2040,6 (975.4-3959.0) 1943,9 (760.0-3936.7) ns
Average speed of right instrument movement (cm/sec) 2,9 (2.2-4.3) 2,6 (1.8-3.4) ns
Average speed of left instrument movement (cm/sec) 2,8 (2.0-3.6) 2,7 (2.1-3.3) ns
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The fact that the single modality group had better post-test performance scores than 
the multi modality group in tasks both groups trained on can simply be explained by the 
significant difference in repetitions and training time on these specific tasks. The single 
modality group trained a total of 6 x 45 minutes on these specific (LAP Mentor) tasks, the 
multi modality group only 2x 45 minutes. 
Research in other fields than healthcare indicates that practice variability leads to 
better practice outcome [12]. This implies that we expected the multi modality group to 
outperform the single modality group in the assessment tasks due to practice variability. 
These results were not found in our study. Possibly the specific simulator experience 
advantage on the VR simulator of the single modality group levelled out the practice 
variability advantage of the multi modality group in the assessment tasks. 
Previous research states that a virtual reality simulator as the LAP Mentor has the 
capability to incorporate the full laparoscopic training curriculum. [11] Our study can 
confirm that training on a VR simulator solely provides equal performance levels as 
multi modality training and so training of laparoscopic skills can be performed on a VR 
simulator only. On the other hand this study shows that multi modality training is not 
inferior to the training outcome of single modality training in training basic laparoscopic 
skills. This implies that basic skills training does not necessarily have to take place on 
one simulator. The choice of single modality or multi modality training can be led by the 
available options in the skillslab. Low-technology high-fidelity modalities can facilitate 
table 3 Parameters of both groups (n=36) on the full procedure salpingectomy on the LAP Mentor and 
comparison of the groups (Mann Whitney U test) (ns = not significant) 
single modality
Mean (min-max) 
(n=18)
Multi modality
Mean (min-max) 
n=18)
P- value
Total time procedure (sec) 317,2 (119.0-590.0) 273,6 (122.0-504.0) ns
Idle time of right instrument 52,3 (5.0-133.0) 42,2 (10.0-129.0) ns
Idle time of left instrument 65,4 (22.0-177.0) 55,1 (7.0-131.0) ns
Number of movements of right instrument 279,5 (80.0-553.0) 243,9 (71.0-662.0) ns
Number of movements of left instrument 282,6 (141.0-765.0) 236,6 (53.0-467.0) ns
Total path length of right instrument (cm) 411,1 (101.9-867.5) 360,2 (104.80-849.0) ns
Total path length of left instrument (cm) 395,6  (151.5-988.2) 347,1 (68.9-675.0) ns
Average speed of right instrument movement (cm/sec) 3,0 (1.9-5.7) 3,1 (2.2-4.5) ns
Average speed of left instrument movement (cm/sec) 2,8 (2.3-3.7) 2,9 (1.7-4.4) ns
Minor bleeding incidents 7,5 (0.0-17.0) 6,9 (1.0-17.0) ns
Injury to a vital structure 1,0 (0.0-7.0) 1,1 (0.0-6.0) ns
Time electro-surgery is applied to treated fallopian tube (sec) 3,3 (1.0-8.1) 3,2 (1.2-9.3) ns
Ectopic pregnancy removed (%) 94,0 (0.0-100.0) 96,2 (0.0 -100.0) ns
Removal of resected specimen from the abdomen (%) 89,7 (0.0-100.0) 99,9 (99.0-100.0) ns
Grasping anatomical structures with graspers or bipolar forceps 25,3 (9.0-62.0) 20,3 (8.0-45.0) ns
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equivalent training outcomes as high technology modalities, while low-technology 
modalities such as a box trainer have important cost advantage that has to be taken in 
account. 
Besides the results of the equal assessment performance level after training for both 
groups our study shows another important result. Training tasks should only be used for 
assessment if exposure to the assessment task is equal among the tested subjects. Our 
study showed that the single modality group was outperforming the multi modality 
group in the training tasks. The lack of simulator experience on these specific tasks was 
not compensated by the skills training on the different modalities by the multi modality 
group. This suggests us that the basic tasks on the simulator not only train and assess 
basic laparoscopic skills, but also train simulator specific skills that cannot be compen-
sated by training on different simulation modalities. This is something to pay attention 
to when assessing skills at the and or beginning of a training program. Assessment tasks 
have to be equal available to the participants or specific unique assessment tasks have 
to be picked to objectively assess laparoscopic basic skills instead of assessing simulator 
experience. 
Although this research gives an answer to the question if training outcome is affected 
by use of a mix of different simulation tools over the use of one single simulation tool, 
more research is needed to compare the relative benefits and disadvantages of different 
simulation modalities and to extrapolate these findings to performance in the operating 
room. 
ConCLusIons
Single modality and multi modality training seem to have equal training performance 
outcome. In line of previous studies about laparoscopic surgical simulators, this study 
proves that training on simulators improves laparoscopic basic skills. The choice of single 
or multi modality training can be led by the available options. Both training methods 
seem appropriate for the attainment of basic laparoscopic skills in future curricula. 
This research did not focus on retention of skills and transferability to the operating 
room. More research is needed to investigate retention and transferability. A longitudi-
nal study is recommended to research long-term retention and transferability to the OR.
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AbstRACt
background
In 2011 the E-BLUS examination was introduced as a pilot for the examination of final 
year urological residents. 
objective 
In this study we aimed to answer the following research questions: What is the level of 
laparoscopic skills of final year residents in urology in Europe, and do the participants of 
the E-BLUS pass the examination according to the validated criteria?
design, setting and participants
Participants of the examination were final year urology residents from different European 
countries taking part in the European urology residents education program (EUREP) in 
2011 and 2012.
surgical Procedure
The E-BLUS exam consists of 5 tasks validated for the training of basic urological laparo-
scopic skills. 
Measurement
Performances of the tasks were recorded on DVD and analysed by an objective rater. 
Time and number of errors made in tasks 1-4 were noted. Furthermore, all expert lapa-
roscopic urologists were asked to score participants on a global rating scale (1-5) based 
on 3 items: depth perception, bimanual dexterity and efficiency. Participants were asked 
to complete a questionnaire on prior training and laparoscopic experience. 
Results and limitations
Seventy DVD recordings were analysed. Most participants did not pass the time criteria 
on task 4 (90%), task 2 (85.7%), task 1 (74.3%) and task 5 (71.4%). Task 3 was passed by 
84.3%. Overall quality score was passed by 64%. When combining time and quality, only 
3 participants (4.2%) passed the examination according to the validated criteria. Accord-
ing to the questionnaire, 61% did not have the opportunity to train laparoscopic skills.
Conclusions
The results of the E-BLUS examination show that the level of basic laparoscopic skills 
among European residents is low. Although quality of performance is good, most 
residents do not pass the validated time criteria. Regular laparoscopic training or a 
dedicated fellowship should improve the laparoscopic level of residents in urology. 
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IntRoduCtIon
Despite the growing popularity of robot-assisted laparoscopy in urology, conventional 
laparoscopic surgery is still the established technique for several indications [1] through-
out Europe. Many of the laparoscopic procedures have a lengthy learning curve, because 
laparoscopy requires other skills than open surgery and robot-assisted laparoscopy, 
such as counter intuitive movements of the instruments and an indirect view of the 
operating site [2, 3]. There is a recognized need of a more formalised laparoscopic train-
ing framework within urology to overcome the difficulties of this technique and to shift 
the first part of the learning curve from the patient to the skills laboratory. Therefore, 
simulator-based skills training has been widely accepted and implemented [4]. 
However, the qualification and certification of laparoscopic skills performance are 
still in a preliminary phase within urology. In response to urgent calls from the govern-
ment and the public for well-defined proficiency standards to safeguard the quality 
of care, we developed the program for laparoscopic urological skills (PLUS) [5, 6]. The 
PLUS has been validated by a cohort of laparoscopic experts, intermediates and novices 
in the Netherlands, and its face, content and construct validity has been proven. The 
PLUS examination offers quality criteria and time criteria for the completion of basic 
laparoscopic tasks and a certification standard for residents based on the generalized 
examinee-centred method. The pass/fail criteria for time and quality of performance per 
task were set on the novice/intermediate boundaries [6]. In the Netherlands, PLUS has 
recently been implemented at the national level as a ‘basic laparoscopy examination’. 
In 2011, the PLUS was introduced at the European level as a pilot for the examination 
of final year urological residents and is called the E-BLUS (European basic laparoscopic 
urological skills) examination. 
In this study, we aimed to answer the following research questions: What is the level of 
laparoscopic skills of final year residents in urology in Europe, and do participants of the 
E-BLUS pass the examination according to the previously validated criteria?
MetHod
setting
The E-BLUS examination was conducted during the laparoscopic hands-on training (HOT) 
section of the European urological residents education programme (EUREP) meetings 
2011 and 2012. EUREP is organized annually by the European School of Urology (ESU) in 
collaboration with the European Board of Urology and has been developed exclusively 
for all European residents. Participation in the E-BLUS examination was facilitated by 
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prior online registration on a voluntary basis. All participants were advised to attend 
a hands-on training session prior to the examination, in which they could familiarise 
themselves with the exercises. 
Materials
The E-BLUS examination consists of 5 tasks (Fig. 1). With these tasks, the examination 
assesses bimanual dexterity, hand-eye coordination, spatial awareness, suture tech-
nique, and clipping and cutting skills. All participants in the study used identical boxes, 
tasks, suture material (Polysorb 3-0, Tyco Healthcare, Mansfield, MA, USA), Hem-o-lok 
appliers (Teleflex Medical, Research Triangle Park, Durham, NC, USA) and laparoscopic 
instruments (Olympus, Hamburg, Germany). The five tasks shown in Fig. 1 have been 
previously described in the validation study of Tjiam et al. [5, 6], who established face, 
content and construct validity and determined test criteria. 
e
A
C
b
d
Fig. 1. The E-BLUS tasks: The examination comprises five basic laparoscopic tasks in a box trainer with a 
fixed camera position. 
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Time and quality was measured for the tasks. To judge the quality, we used a binomi-
nal 14-item checklist covering the quality parameters. For each error, a score of 0 was 
applied. Target overall quality score was 11 out of 14. (Table 1)
In summary, the task descriptions, error criteria and target scores were: 
•	 Task	 1—Peg	 transfer:	 Six	 plastic	 objects	 are	 grasped,	 transferred	 to	 the	 opposite	
forceps and placed on a pegboard, and vice versa. Number of dropped objects was 
counted. Target time: 112 seconds. This task required two dissectors.
•	 Task	2—Pattern	cutting:	A	circle	is	cut	from	gauze	between	two	pre-marked	lines.	A	
cut beyond the outer or inner line of the circle is scored as an error. Target time: 118 
seconds. This task required a dissector and a pair of scissors.
•	 Task	 3—Single	 knot	 tying.	 An	 intra-corporeal	 knot	 is	made	on	 a	 Penrose	drain.	 A	
stitch beyond 1 mm of the black dots, a gap in the slit of the penrose drain or a 
slipping knot were scored as errors. Target time: 283 seconds. This task required two 
needle holders.
•	 Task	4	Clip-and-cut:	Hem-o-lok	clips	are	placed	around	two	tubes,	and	the	tubes	are	
cut. One of the clips placed outside of 1 mm of the continuous line and a cut beyond 
the dotted lines were scored as errors. Target time: 251 seconds. This task required 
two dissectors, a pair of scissors and a Hem-o-lok applier. 
table 1: Binominal checklist used for the evaluation of quality
trial 1 trial 2
task 1  Number of dropped objects *
task 2 Cut between the lines ?
 (yes or no)
task 3 Suture is placed within 1mm or through the dots? (yes or no)
The knot holds (does not slip)? 
(yes or no)
The knot keeps approximation of the tissue?
(yes or no)
task 4 3 clips are placed on both tubes? 
(yes or no)
All clips all placed within 1mm of the line? 
(yes or no)
All cuts are placed between the dotted lines? 
(yes or no)
Total quality score  (accumulation of answer yes)
* Number of objects was counted but equal to the validation study of Tjiam et al. not included in the 
overall quality score 
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•	 Task	5	Needle	guidance:	A	needle	is	guided	through	10	metal	rings	following	a	set	
route. Target time: 218 seconds. This task required two needle holders.
Participants were allowed to practise each task for 1 minute prior to the examination
and had to perform the exercise twice during the examination. 
Instruments
The pass/fail standard of the examination based on time and quality of the performance 
was derived from the publication of Tjiam et al. [6] and was based on the generalized –
examinee-centred method described by Cohen et al. [7]. This educational approach uses 
the linear relationship between assessment scores and degree of procedural experience 
of multiple reference groups. The pass/fail scores were set as described by Tjiam et al., 
i.e. on the boundaries between the categories of novices (0 laparoscopic procedures 
performed) and intermediate experience in laparoscopy (between 1 and 100 procedures 
performed), as a starting point for residents’ further competency development towards 
the intermediate and expert levels. 
Before the start of the examination, each participant was instructed by an expert lapa-
roscopic urologist who had attended a teach-the-teacher course. The teach-the-teacher 
course focused on the background of the examination, the criteria, and the explanation 
the examinees were to receive during the examination. Performance was measured by 
recording time with a stopwatch and registering the number of errors made in tasks 
1-4. Furthermore, all expert laparoscopic urologists were asked to score participants on 
a global rating scale (1-5) based on 3 items: depth perception, bimanual dexterity and 
efficiency. 
To minimise the effect of inter-rater differences, each task was recorded by digital 
video and saved for rating by independent raters. Ten DVD recordings were rated by two 
researchers to check whether the rater reliability was sufficiently high to allow a single 
rater. Classical approaches estimate reliability by measuring inter- and intra-examiner 
reliability. However, weaknesses of these approaches are that new data must be gener-
ated to test each source of error. Moreover, when an error is identified, it is not compared 
with other sources of error, nor do these approaches assess to what extent the results 
are affected when errors interact. For example, reliability estimated by the relation be-
tween performer and other examiners (inter- rater reliability) does not address reliability 
estimated by interaction between performer and exercise. To avoid these weaknesses, 
we applied the generalizability theory. This theory comprises a regression technique 
that models and quantifies relationships between variables to make predictions about 
reliability. In the current study, the generalizability analysis included the variance 
components for ‘performer’, ‘examiner’ and the interaction ‘performer x examiner’.  The 
generalizability coefficient was measured on a scale of 0 to 1.0, where 0 was lowest reli-
ability and 1.0 was perfect reliability [8]. The generalizability coefficient for two video 
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observers for time was near to perfect (G>0.99) for all five tasks. Therefore, the data of a 
single rater were used for further analysis. 
Questionnaire
At the end of the examination, each resident was asked to complete a questionnaire. 
This questionnaire consisted of three sections. The first section concerned demograph-
ics and postgraduate year of training, and the second section covered experience in 
actual laparoscopic procedures. In the third section, the residents were asked how many 
hours they had trained laparoscopic skills in the four weeks prior to the examination, 
whether there was a skills laboratory in their hospital, whether laparoscopic simulation 
devices were available and whether they had ever attended a laparoscopic hands-on 
training course before the EUREP. 
outcome measures
The primary end point was to compare the results of the examination with the vali-
dated criteria. Secondary end point was to determine whether there was a relationship 
between laparoscopic skills and the participants’ previous laparoscopic experience and 
training. 
statistical analysis 
Statistical analysis was performed with SPSS version 18 (SPSS, Chicago, IL, USA) Regres-
sion analysis, using exam results as dependent variables and the variables in the ques-
tionnaire as independent variables. The statistical significance of a regression coefficient 
was tested by a t-test, considering a result statistically significant if p<0.05. 
ResuLts
In total, 104 participants from 20 different countries completed the exam in 2011 and 
2012. We analysed all the available DVD recordings of their performances (n=70). Be-
cause no video recordings of the other 34 participants were available, we excluded them 
from analysis. Mean age of the participants was 31 (range 26 to 40), and mean year of 
residency was 5 (range 2 to 6).  
Of the included participants, the majority did not pass the time criteria on task 4 (90.0% 
failed), task 2 (85.7% failed), task 1 (74.3% failed) and task 5 (71.4% failed). Participants 
scored better on task 3, the intra-corporeal suturing exercise, than the other exercises. 
This exercise was passed in time by 84.3% of the participants. Quality of all exercises was 
passed by 45 of the 70 participants (64.3%) (Fig. 2). The combination of time and quality 
criteria was passed by only 3 participants (4.2%) 
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According to the questionnaire results, 65% of the participants did not have a skills lab 
in their hospital, and 61% did not have the opportunity to train laparoscopic skills. Also, 
61% declared that they had not trained basic laparoscopic skills in the four weeks prior 
to the examination. The European final-year urology residents performed a median of 
four laparoscopic procedures during their residency, including previous general surgery 
laparoscopic experience. 
Global rating scores scored by the expert laparoscopic urologists were on average 
3.6 on depth perception (range 1-5), 3.7 on dexterity (range 2-5) and 3.5 on efficiency 
(range 1-5). For participants who had previously attended hands-on training courses, the 
global rating score was found to be significantly higher (difference: 0.3; t-test, p<0.05). 
A participant’s previous training and previous experience did not affect the time scores 
nor the quality scores obtained at the examination. 
dIsCussIon
The first results of the E-BLUS examination showed that the majority of participants did 
not meet the criteria of the E-BLUS examination. Very few final-year residents passed the 
examination according to the validated criteria. Results of the questionnaire revealed 
that overall training experience was limited and that most participants had not trained 
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Fig. 2. Graphs of all participants’ scores on separate tasks and overall quality score compared to validated 
criteria.
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prior to the examination. Also, final-year residents in urology appeared to have very 
limited exposure to actual laparoscopic procedures. 
The scores may be relatively low for different reasons. One reason could be that the 
criteria set in previous research by Tjiam et al. [6] were too strict. However, this does not 
seem likely. We know from literature on the Fundamentals of laparoscopic surgery ex-
amination that even very strict criteria based on expert scores can be reached by almost 
all novice participants and that it is a matter of training effort [9]. This is not surprising 
and can be explained by Ericsson’s theory that deliberate practice is the most important 
ingredient for developing expertise [10]. The PLUS criteria are set on the boundaries 
of novices’ and intermediates’ performances and were intended to be not extremely 
difficult. 
Another reason could be that participants may not have been capable or not suffi-
ciently prepared. We think that the results of the questionnaire explain why participants 
failed to meet the criteria. The low level of experience in laparoscopic procedures of the 
final-year residents had not been compensated by regular basic skills training. Most of 
them had not trained at all in the four weeks prior to the exam or had not even been able 
to practice basic skills in their hospital. 
The suturing task was performed relatively well within time. This is an interesting finding, 
since laparoscopic suturing is supposed to be one of the most challenging laparoscopic 
skills. Previous research on the EUREP meeting confirmed the appropriate level of sutur-
ing, especially among more experienced residents. [11]. This finding may be explained 
by the fact that the residents were generally able to perform the laparoscopic tasks, 
which indicates that they were not clumsy or incompetent. However, since they were 
not sufficiently trained or experienced, performing the tasks within the time limit was 
the main issue. The time criteria for the suturing task were not set so strictly, since the 
criteria of the PLUS were based on a generalized examinee-centred method based on 
the boundaries between novices and intermediates and suturing is considered a chal-
lenging skill even for laparoscopists with intermediate experience. Therefore, the criteria 
of the suturing task seem to be strict on quality rather than on time. This may explain 
why residents scored relatively better on this task. The overall quality score, which was 
good for most participants, confirms that they scored better on quality of performance 
than on time for all tasks. This is also in line with the global rating scores they received 
from he expert laparoscopic urologists. 
The question raised by these results is whether it is really necessary to speed up 
the basic laparoscopic skills, and whether a good performance on quality is not much 
more important in a clinical setting. The phases of learning a new motor skill have been 
described previously [12]. The first phase is on quality and accuracy, while speed and 
time are emphasized in a second phase and, finally, time-sharing is introduced to obtain 
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full automaticity of the skill. The participants of the E-BLUS examination performed 
relatively well on accuracy and quality, but they need more practice to increase their 
speed before they reach automaticity in these skills. In our opinion, not passing the time 
criteria means that these participants were not close to automaticity yet. By acquiring 
basic skills and training these skills to automaticity in a preclinical setting, residents 
can concentrate on the performance of the actual procedure and on all the procedural 
steps in the operating room. By intensifying basic laparoscopic skills training, a larger 
part of the learning curve of laparoscopic surgery can be shifted from the patient to the 
skills laboratory. The training in the operating room can subsequently be used for time-
sharing tasks, such as dealing with procedural steps, difficult anatomy or complications, 
while less attention is needed for the technical difficulties of laparoscopic surgery, such 
as counter-intuitive movements. 
Residents who are willing to perform laparoscopic surgery should train laparoscopic 
skills on a regular basis. This is in line with previous research of Stolzenburg et al.[13], 
who suggest that those who are willing to learn the laparoscopic prostatectomy should 
practice daily on a pelvic trainer, especially knot tying and suturing. Kroeze et al. [11] 
stated that modular simulator training as part of a formal training programme may help 
to overcome some of the shortfalls in residents’ exposure to laparoscopic procedures as 
a primary surgeon. Laguna et al. [14] stated that it is almost impossible to finalize the 
residency training as a qualified laparoscopic surgeon. Based on the low level of laparo-
scopic skills of last year’s residents, it is advisable that those who are willing to perform 
laparoscopy as an urologist should improve their training and exposure to laparoscopy 
during residency or should consider a post-residency fellowship in laparoscopy.
A limitation of this study is that we could not define the parameters that predict 
passing a score on the E-BLUS examination. Neither previous operative experience nor 
in the questionnaire-administered previous training experience were significantly cor-
related with overall score on the examination. Possibly, the participants’ self-reported 
experience was not an accurate indication of their actual experience; alternatively, the 
international and intercultural differences in residency training may have been too 
large to compare operative and training experience. Another limitation is that not all 
final year residents attend EUREP and that only a portion of them partake in the E-BLUS 
examination. Possibly, this may have caused a selection bias, resulting in a different 
level of laparoscopic skills among the participants of the exam compared to the general 
population of final year residents.
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ConCLusIons
The first results of the E-BLUS examination show that the level of basic laparoscopic 
skills among European residents is low. Although quality of performance is good, most 
residents do not meet the validated time criteria of the E-BLUS examination. The timing 
and setting of the examination should be carefully evaluated to determine its future 
use. Moreover, regular laparoscopic training or a dedicated fellowship in laparoscopy 
should improve the laparoscopic level of residents in urology who intend to perform 
laparoscopy. 
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AbstRACt
Introduction
We investigated whether the peg transfer task is interchangeable between a VR simula-
tor and a box trainer. Our research questions: (1) Are scores of the box trainer inter-
changeable with the virtual equivalent of the exercise, (2) does training on the box affect 
performance on the VR simulator and vice versa, and (3) which system is preferred?
Method
Experienced laparoscopists and medical interns were randomly assigned to one of two 
groups (V or B). They performed 8 repetitions of the peg transfer task, (4 on each simu-
lator system) following a cross-over study design. Group B started on the box trainer 
and group V started on the VR simulator. Opinion of participants was evaluated by a 
questionnaire. 
Results
A significant correlation was found between time to complete the task on the box and 
the VR simulator. The comparison of the performances per system showed that group 
B (N=14) performed the peg transfer task on the VR simulator in significantly less time 
than group V (N=14) (p = 0.014). Overall, the box was preferred over the VR simulator.
Conclusion
Although performances on the box trainer and VR simulator were correlated, they were 
not interchangeable. The results also imply that assessment on the VR simulator after 
pre-training on the box is acceptable, while VR simulator training alone might not suffice 
to pass an assessment on a box trainer. More research is needed to validate the use of 
the VR simulator as a FLS and PLUS assessment instrument. 
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IntRoduCtIon
Laparoscopic surgery has obtained a major position within surgical specialities such as 
general surgery, gynaecology and urology. This minimally invasive technique requires 
additional psychomotor skills on top of the skills needed for open surgery, such as deal-
ing with counterintuitive movements of the long instruments and with indirect view of 
the operating field. Basic laparoscopic skills are pre-eminently suited for training in a 
preclinical setting using simulation tools [1]. 
Extensive work has been done to develop and evaluate simulators and training 
programs for basic laparoscopic skills[2-4]. The most well-known curriculum for lapa-
roscopic surgery is the Fundamentals of Laparoscopic Surgery (FLS) program, based on 
the McGill Inanimate System for Training and Evaluation of Laparoscopic Skills [5]. 
Recently, an equivalent for urological laparoscopic skills was introduced and validated 
in the Program of Laparoscopic Urological Skills (PLUS) [6, 7]. Both programs incorporate 
box-trainer-based standardised tasks to train the basic skills for laparoscopic surgery. 
And, more importantly, both use extensively validated target scores for criterion based 
training and assessment of laparoscopic skills [8,9]. They answer the increasing demand 
for objective credentials and certification and are implemented as a ‘basic laparoscopy 
exam’ [7,10].  
In reaction to these developments, manufacturers of virtual reality (VR) simulators 
have developed virtual equivalents of the FLS and PLUS tasks. Previous research has 
proven the value of box trainers and VR simulators as both beneficial for training basic 
laparoscopic skills [11, 12]. There are now also some curricula that use VR simulation for 
skills assessment, such as the Laparoscopic Surgical Skills (LSS) program initiated by the 
European Association for Endoscopic Surgery (EAES)[13]. 
As an assessment tool, VR simulation has several potential advantages over box train-
ers. The key advantages are that trainees’ performances can be easily tracked and that 
the simulator provides summative feedback through numerical scores upon completion 
of each exercise. Although many studies are available on the validity of VR simulation 
for training basic laparoscopic skills [3,14], there is limited evidence on the validity of 
testing FLS or PLUS tasks on VR simulators [15]. In addition, there is little information 
on whether the same performance criteria are applicable for skills assessments on VR 
simulators as on box trainers. 
In this study, we investigated whether performance of the peg transfer task, which is 
part of both the FLS and PLUS training, is interchangeable between a VR simulator and 
a standardised box trainer. We focused on three research questions: (1) Are scores of the 
box trainer interchangeable with the virtual equivalent of the exercise, (2) does training 
on the box trainer affect performance on the VR simulator and vice versa, and (3) which 
system does the target group prefer for training?
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MetHod & MAteRIALs
In this study, participants performed a total of eight repetitions of the peg transfer task, 
four on the box trainer and four on the VR simulator, following a cross-over study design.
Participants 
Surgeons who participated in multiple laparoscopic courses offered at the Catharina 
Hospital Eindhoven, either as a trainee or as faculty members, were invited to take part 
in this study. In addition, experienced laparoscopists (urologists and general surgeons) 
and medical interns of the Catharina Hospital Eindhoven were invited to participate. All 
participants received information about the aim and structure of the study and filled 
out an informed consent form. The participants were randomly assigned to one of two 
groups by order of appearance (group V or group B), while applying a stratification to 
ensure an equal distribution of different expertise levels in both groups. Each group 
consisted of an equal number of participants with no or limited laparoscopic experi-
ence (Novices: performed no or less than ten clinical laparoscopic procedures) and 
participants with laparoscopic experience (Experienced: performed more than 50 clini-
cal laparoscopic procedures). Using a priori power analysis with the G*Power software 
(version 3.1) [16], we calculated that we required a sample size of at least 26 participants 
to measure a correlation (two-tailed) for a large size effect (0.5) with a power of 0.8. 
Protocol 
The participants filled out a questionnaire on demographics and prior laparoscopic 
experience and received a standardised introduction to both simulator systems and an 
explanation of the peg transfer task. Next, they performed eight repetitions of the peg 
transfer task, four repetitions on each simulator system. To minimize the impact of a po-
tential carry-over effect, a cross-over study design was used. All eight repetitions were 
performed consecutively on the same day. Group B started on the box trainer and group 
V started on the VR simulator. After completing the four repetitions on each simulator 
system, the participants evaluated it using a brief questionnaire. After completion of all 
eight repetitions the participants answered some additional questions comparing the 
two simulator set-ups. The first repetition of the peg transfer task on each system was 
intended for familiarisation with the simulator system and was therefore not included 
in the analysis. 
simulators and task 
We used the FLS (Fundamentals of Laparoscopic Skills) box trainer (SAGES, Los An-
geles, USA) in combination with an AG Neovo X17A monitor (Taipei, Taiwan) and two 
disposable endo-dissect graspers (Covidien, Dublin, Ireland). The task performances on 
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the box trainer were timed with a hand-held stopwatch and the number of dropped 
pegs (errors) was counted. The second simulator system used was the Lap Mentor vir-
tual reality simulator (Simbionix Corp. Cleveland, USA), a  system which provides haptic 
feedback. Besides errors and time needed to complete the task, it also automatically 
registers additional performance scores, such as instrument path trajectory and number 
of movements. 
In the peg transfer exercise the participants have to pick up a peg with their non-
dominant hand, transfer it to their dominant hand and place it onto an empty spot on 
the opposite side of the board. When all six pegs have been transferred from one side 
to the other, the pegs have to be transferred back to the other side of the board, this 
time picking up the pegs with the dominant hand and transferring them to the non-
dominant hand. Completion time and errors were measured from the moment the first 
peg was grasped until the last peg was released. When a peg was dropped out of view, 
the task could not be completed. The maximum time limit for the peg transfer task was 
300 seconds[17].
data analysis
The IBM SPSS Statistics software (version 19, IBM SPSS Inc., Chicago, USA) was used 
for statistical analysis of the data. Only the data for completed task repetitions were 
included in the analysis. The data were not normally distributed; therefore we used 
non-parametric tests to assess correlations between performances (Spearman’s Rho) 
and differences in performance between the groups (Mann Whitney U test) and within 
the groups (Friedman’s ANOVA). To answer the research questions, first the correlation 
(Spearman’s Rho) between the performances on the box trainer and the VR simulator 
was assessed, using the mean performance of repetition 2, 3, and 4 on each system. 
Next, differences in overall mean performance between group B and group V were as-
sessed for both systems together (mean of repetition 2, 3, 4, 6, 7, 8) and per simulator 
system (repetition 2, 3, and 4 on each system). Finally, we analysed the data for potential 
differences within the groups (Friedman’s ANOVA). The comparisons between and 
within group B and group V were done per group and also within each expertise group 
(Novices and Experienced). A p value < 0.05 was considered as statistically significant. 
Only the significant correlations and differences are presented.
ResuLts
demographics 
In this study 28 participants took part; 20 had limited laparoscopic experience (Novice) 
and 8 were experienced laparoscopic surgeons or urologists (Experienced). Group B and 
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group V both consisted of ten novices and four experienced participants. In group B the 
mean age was 33.21 years (sd = 9.823), the male/female ratio was 11/3 and 13 partici-
pants were right handed, while one was ambidextrous. In group V the mean age was 
31.71 years (sd = 9.127), the male/female ratio was 5/9 and 13 participants were right 
handed, while one was left handed. Table 1 presents the overall performance scores per 
group. 
Correlation between performances on box trainer and VR simulator
A significant correlation was found between the mean time to complete the peg transfer 
task on the box trainer and the VR system (Spearman’s rho = 0.716; p < 0.001) (figure 1). 
By calculating the differences between the median of the scores of both simulation 
devices we found that an average of 24 seconds extra are needed to complete the peg 
transfer exercise on the VR simulator.  
differences between and within groups 
To assess the carry-over effect or transfer of skills between the two simulator types we 
compared the performances of group B and group V. To assess the effect of learning 
table 1. Overall performance scores for repetition 2,3,4. Only the data for completed task repetitions are 
presented.
Group b Group V
box trainer
Repetitions completed 
(complete/incomplete/timed out)
repetition 2
repetition 3
repetition 4
14/0/0
13/1/0
14/0/0
11/3/0
11/3/0
14/0/0
Completion time (s) Mean
Median
Min-Max
83.8
73.0
48-172
90.7
87.5
53-185 
Number of pegs dropped for completed 
task 
Mean
Median
Min-Max
0.4
0.0
0-3
0.3
0.0
0-1
VR simulator
Repetitions completed
(complete/incomplete/timed out)
repetition 2
repetition 3
repetition 4
13/1/0
11/3/0
12/1/0
14/0/0
12/2/0
12/1/1
Time to complete the task (s) Mean
Median
Min-Max
93.8
84.5
64-194 
129.4 
120.0
64-233
Number of pegs dropped for completed 
task 
Mean
Median
Min-Max
0
0
0-0 
0 
0
0-0
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within the groups we analysed the performance improvement within the complete 
group and within the novices and experienced participants. 
The comparison of the performances of group B and group V per simulator system 
showed that group B performed the peg transfer task on the VR system in significantly 
less time than group V (p = 0.014). Within three repetitions group V significantly im-
proved their performance for the time to complete task on the VR system (p = 0.032), as 
well as on the box trainer (p = 0.19). Separate analysis of the performances of the novices 
and of the experienced participants of group B and group V revealed that the Novices of 
group V improved their performance for completion time significantly on the VR system 
(p = 0.017). 
opinion of participants
Overall, the participants rated the box trainer slightly higher than the VR simulator with 
regard to the adequacy of the haptic feedback (median rating of 4.5 and 3.0 respectively). 
Group V rated the adequacy of the haptic feedback of the box trainer significantly higher 
than group B (median rating of 5.0 and 4.0 respectively; p = 0.048). The level of difficulty 
of the task and the added value for training basic laparoscopic skills was rated similarly 
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Figure 1. Scatter plot of the time to complete the peg transfer task on the box trainer versus the VR 
simulator. 
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for the box trainer and VR simulator (median ratings of 3.0 and 4.0 respectively). Overall, 
the box trainer was preferred over the VR simulator and rated to be more fun.
dIsCussIon 
The results of this study showed that although performances on the box trainer and on 
the VR simulator were strongly correlated, they were not interchangeable. The graphs 
in figure 2 show that both novices and experienced participants needed more time to 
table 2. Ratings and preferences of the participants
 
group b group V
novices
(N=10)
experienced
(N=4)
novices
 (N=10)
experienced
(N=4)
bo
x 
tr
ai
ne
r
Adequacy of provided 
haptic feedback 
(1=insufficient, 
 5= sufficient)
Mean 4.0 4.5 4.5 5.0
Median 4.0 4.5 5.0 5.0
Min - Max 3-5 4-5 3-5 5-5
Level of difficulty of task 
(1=easy, 5=difficult)
Mean 2.3 2.3 3.2 2.3
Median 2.0 2.5 3.5 2.5
Min - Max 1-4 1-3 2-4 1-3
Added value for training 
basic skills  
(1=not useful,  
5=very useful)
Mean 4.0 4.3 4.6 4.5
Median 4.0 4.0 5.0 4.5
Min - Max 3-5 4-5 4-5 4-5
V
R 
si
m
ul
at
or
Adequacy of provided 
haptic feedback 
(1=insufficient,  
5= sufficient)
Mean 2.9 2.0 3.6 2.8
Median 3.0 2.0 4.0 3.0
Min - Max 2-5 1-3 2-5 1-4
Level of difficulty of task 
(1=easy, 5=difficult)
Mean 3.1 3.0 3.3 1.5
Median 3.5 3.0 3.0 1.5
Min - Max 1-5 2-4 2-4 1-2
Added value for training 
basic skills 
(1=not useful,  
5=very useful)
Mean 3.8 3.3 4.4 3.3
Median 4.0 3.5 4.5 3.5
Min - Max 2-5 2-4 3-5 2-4
bo
x 
tr
ai
ne
r o
r  
V
R 
si
m
ul
at
or
?
Which do you prefer? VR simulator 0 0 5 0
Box trainer 9 4 5 4
No preference 1 0 0 0
Which is most fun? VR Simulator 2 1 5 1
Box trainer 7 2 3 3
No preference 1 1 2 0
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complete the task on the VR simulator. Our results indicate that on average 24 seconds 
extra are needed to complete the exercise on the VR simulator. Four repetitions on the 
box trainer improved subsequent task performance for novice participants on the VR 
simulator, while preceding repetitions on the VR simulator did not equally affect sub-
sequent box trainer performance. Both novices and experienced participants preferred 
the box trainer and rated the box trainer to be more fun. 
The significant correlation between the task performance on the box trainer and the 
VR simulator is in line with previous research, especially in the aviation and space indus-
tries,[18-20] but also in the study of Madan et al. [17], who found that time and economy 
of movement of the peg placement task significantly correlated between the MIST VR 
simulator and a box trainer. The difference in performance scores of the two peg transfer 
tasks is in line with previous research of Pitzul et al. [15], who showed a significantly 
better time score for the FLS box compared with the Lap Mentor on peg transfer task. 
The set-up of our study differed from the set-up of the study by Pitzul et al., as we used a 
cross-over study design to minimize the impact of a potential carry-over effect between 
the two simulator types. Due to the study set-up we could calculate the difference in 
scores between the two simulation devices. We assumed that because of the cross-over 
design we could eliminate the learning effect of one simulator to the other. Nevertheless 
we found that the influence of training on the box trainer on trainee performances on 
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the VR simulator differs from the influence of training on the VR simulator on trainee 
performance on the box trainer. This is an important finding that, to our knowledge, has 
not been described before. These results imply that assessment can be done on the VR 
simulator after pre-training on the box trainer. In contrast, training on the VR simulator 
alone in preparation for an assessment on the box trainer might not suffice. The adding 
of 24 seconds to the box training performance to calculate the VR simulator score of the 
Peg transfer task should therefore be interpreted with caution and be confirmed in a 
larger study. 
Several factors could have contributed to the fact that the performance scores for 
box and VR simulator were not interchangeable. Possibly, the haptic feedback of the 
VR simulator affected the virtual performance of the task such that it caused a longer 
duration of the exercise. Chmarra et al. compared performance of a basic task on a VR 
simulator without haptic feedback to natural haptic feedback on a box trainer [21]. They 
recommend that training of tasks in which forces play an important role (e.g., stretching, 
grasping) should be done using systems with natural haptic feedback, such as a box 
trainer, whereas eye–hand coordination skills can be trained without haptic feedback 
[21]. The peg transfer task does involve grasping, and therefore the virtual haptic feed-
back possibly had a negative effect on the performance. Yiasemidou et al. [22] showed 
that exercises with the Lap Mentor can be performed faster with haptic feedback than 
without haptic feedback. This suggests that performance scores of the peg transfer on 
the VR simulator would most likely have been  worse without any haptic feedback. 
Over the course of the repetitive performance of the task, the performance of group V 
improved slightly. However, no significant improvement was found in the performance 
of experienced participants. The experienced laparoscopic surgeons and urologists 
were able to quickly adapt to the simulator environments. This indicates a short 
simulator-related learning curve for the peg transfer task on both box trainer and VR 
simulator. The novice participants did improve their task performance over the course 
of the repetitions. 
The VR simulator has the potential to be an even more objective scoring method than 
the box trainer, since the VR can record and save performance scores of the trainee, 
whereas the box requires an assessor. Therefore the VR simulator seems an appropriate 
candidate for facilitating independent training to a pre-defined proficiency level. In this 
study, we focused on the parameters that can be registered in both systems; time and 
number of dropped pegs. However, the VR simulator is able to capture more parameters, 
such as path length, and economy of motion, which implies that it can potentially be 
used to track performance more extensively with the use of these extra parameters.
Our finding that the participants preferred the box trainer is in line with previous 
research [23]. Possibly there is a relation between opinion and performance scores. 
Although we did not analyse the correlation between the opinion and performance, the 
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opinion of the participants was less positive about the VR simulator and most partici-
pants also performed worse on the VR simulator. Once again, the virtual haptic feedback 
of the simulator could have negatively influenced both. The ratings of the participants in 
the questionnaires could have been affected by a combination of the attribution theory 
and the subject-expectancy effect, which are well known within the field of product 
usability assessment. The subject-expectancy effect is a cognitive bias that occurs when 
a participant expects a given result, which could unconsciously influence the outcome 
of the experiment. The attribution theory relates to the reasoning people use to explain 
their behaviour with something else, i.e. how they attribute causes to events and how 
their cognitive perception affects their reasoning [24]. The participants’ expectations 
of the second simulator, and thus their rating of this system, were influenced by their 
experience with the first system. If they performed worse on the second system than 
on the first, they might have attributed these disappointing performance scores pre-
dominantly to the simulator instead of to themselves, and rated the properties of the 
simulator accordingly. 
In conclusion, our results indicate that the criteria set for the Fundamentals of laparo-
scopic surgery (FLS) and Program for Laparoscopic Urological Skills (PLUS) box assess-
ment are not interchangeable with the VR simulator, and more research is needed to 
validate the use of the VR simulator as a FLS and PLUS assessment instrument. Future 
research might focus on establishing a conversion formula for all FLS and PLUS target 
scores to VR simulator target scores. 
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AbstRACt
objective
To answer two research questions: what are the learning curve patterns of novices on 
the da Vinci skills simulator parameters and what parameters are appropriate for crite-
rion based robotic training?  
Method
Seventeen novices completed two simulator sessions within 3 days. Each training ses-
sion consisted of a warming-up exercise, followed by 5 repetitions of the ‘ring and rail II’ 
task. Expert participants (n=3) performed a warming-up exercise and three repetitions 
of the ‘ring and rail II’ task on one day. We analysed all 9 parameters of the simulator. 
Results
There is significant learning on 5 parameters: overall score, time to complete, instrument 
collision, instruments out of view and critical errors in 1 to 10 repetitions (p < 0.05). 
Economy of motion and excessive instrument force only showed improvement in the 
first 5 repetitions. No significant learning on the parameter drops and master workspace 
range was found. Using expert overall performance score (n=3) as a criterion (overall 
score = 90%), 9 out of 17 novice participants met the criterion within 10 repetitions.
Conclusion
Most parameters showed that basic robotic skills are learned relatively fast using the 
da Vinci Skills simulator, but that 10 repetitions were not sufficient for most novices to 
reach an expert level. Some parameters seemed inappropriate for expert-based criterion 
training since either no learning occurred or novice performance was equal to expert 
performance. 
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IntRoduCtIon
Robot-assisted laparoscopic surgery is rising in popularity, especially in surgical speciali-
ties such as urology and gynaecology [1, 2]. Consequently, new training platforms have 
been developed to allow professionals to extend their skills-set towards this domain. 
Compared with conventional laparoscopic surgery, robot-assisted laparoscopic surgery 
requires other psychomotor skills, such as endo-wrist manipulation and different camera 
manipulation. Also, robotic platforms, such as the da Vinci platform, implement stereo-
optic visual feedback to the practitioner, alleviating the demands made by traditional 2D 
monitors. Various simulators have become available and were validated for their ability 
to facilitate the development of basic robot-assisted laparoscopy skills [3-6]. The most 
recent addition is the da Vinci skills simulator. Previous research established the face, 
content, construct, and the concurrent and predictive validity of this new simulation 
device [5, 7]. However, a detailed understanding of the learning patterns and the valid-
ity of the different performance parameters was lacking. In this study, we investigated 
whether the da Vinci skills simulator is an appropriate tool for criterion based basic 
robotic skills training. Criterion based training is defined as training to a pre-defined 
level. Criteria are often defined by expert performance.  
We answered two research questions: what are the learning curve patterns of novices 
on the simulator’s parameters, and what parameters are appropriate for criterion based 
training. 
MetHod
Protocol
Seventeen participants (novices), medical students who had no experience with robot-
assisted surgery or robot assisted surgery simulation, completed two simulator-training 
sessions within 3 days (maximum of one session per day). Participants were informed 
that the researchers were not affiliated with the manufacturer of the simulator and that 
all data would be analysed anonymously. Written informed consent was obtained from 
all participants, and they all filled out a demographics questionnaire including informa-
tion on prior experience with laparoscopy, robot-assisted laparoscopy or other simula-
tions. Subsequently, the participants were tested on their ability to see stereoptically [8]; 
Stereo-optic vision is needed to make use of the 3D vision offered by the da Vinci Skills 
Simulator. 
All participants received the same introduction on the da Vinci skills simulator (Intui-
tive surgical, Sunnyvale, USA) (figure 1) by verbal explanation of the usage of the da Vinci 
console and screen shots of the training exercise (figure 2). They all started training with 
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a warming-up exercise, called ‘pick and place’, to get used to the da Vinci console and the 
virtual reality (VR) training environment. Questions regarding the usage of the console 
were answered during this exercise. After the warming-up they performed 5 repetitions 
of the ‘ring and rail II’ task (figure 3). On the second training day the participants started 
with the same warming-up exercise and subsequently performed 5 repetitions of the 
‘ring and rail II’ exercise.  
Figure 1. da Vinci skills simulator 
Figure 2. Screenshot of the ‘ring and rail II’ task
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We selected the ‘ring and rail II’ task because this task trains and assesses the robotic 
skills of two-handed manoeuvres and involves both camera handling and clutch han-
dling. In the validation study of the da Vinci skills simulator, this specific task showed 
excellent construct validity [7]. By restricting the participants to train on only one task 
we could assess learning on this task without interference by transfer from other tasks. 
We spread the training over two days to estimate overnight retention and to assess 
between-day learning instead of learning by same-day repetition only[Verdaasdonk, 
2007 #29]. We chose 5 repetitions a day to prevent exceeding a maximum of one hour a 
day, which is the estimated maximum attention span. 
Expert performance criteria derived from the da Vinci skills simulator validation study 
of Hung et al. [7] were checked by three expert robotic urologists (>150 procedures 
each). Hung at al. [7] did not publish other data than overall score, therefore we used our 
own expert scores to obtain all parameters scores. All experts performed three repeti-
tions of the ‘ring and rail II’ task on one day after doing the ‘pick and place’ warming-up 
exercise. The average score of trial 1, 2 and 3 defined the expert performance.
equipment 
The hardware of the da Vinci skills simulator is identical to the da Vinci Si surgical sys-
tem console (Intuitive surgical), since it makes use of the da Vinci Si console. Instead of 
controlling the robot arms, the integrated software (Mimic® technologies) of the skills 
simulator redirects the movement of the console master controllers to manipulate the 
virtual robotic instruments in a computer-generated environment. The simulator offers 
N=17 
Verbal and poster information 
Informed consent 
Questionnaire 
Stereoptic vision test 
Day 1 
Warming-up ‘pick and place’  
5 repetitions of ‘ring and rail II’ task 
Day 2 
Warming-up ‘pick and place’  
5 repetitions of ‘ring and rail II’ task 
Figure 3. The study protocol
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40 training exercises to train instrument manipulation, camera handling and clutching 
as well as skills such as needle handling and energy management.  
The simulator offers an overview of scoring parameters after each exercise. All data 
were processed and analysed using the Statistical Package for
Social Sciences 18.0 for Mac (SPSS Inc., Chicago, USA). 
data reduction
We eliminated outliers of more than three standard deviations from the mean. 
data analysis
We used the Kolmogorov Smirnov test to determine if data were normally distributed. 
To analyse the differences in performances the independent sample t-test (between the 
groups) and paired sample t-test (within the groups) were used. Alpha was set at 0.05. 
We calculated the effect size using Cohen’s d. 
ResuLts
All novices (n = 17) improved their performances on the da Vinci skills simulator signifi-
cantly when we compared the day 1 trial 1 performance with day 2 trial 1 performance, 
based on the overall score, and also on most of the separate parameters, except drops 
and master workspace range (p <0.05; table 1). The t-value representing the difference 
between the mean scores of the two groups, taking into account any variation in scores, 
is presented in table 1, as is the p-value and the effect size.
Mean learning curves of all separate parameters compared with expert values are 
presented in figure 4. 
Time to complete, instrument collision, critical errors and instrument out of view 
showed a steady improvement from 1 to 10 repetitions. Mean economy of motion and 
mean excessive instrument force showed improvement in the first 5 repetitions but did 
not improve in repetitions 6 to 10 on the second training day. No learning occurred on 
drops and master workspace range. 
If expert overall score (n=3) was used as criterion (overall score = 90%), 9 out of 17 
novice participants met this criterion within 10 repetitions. If criteria were derived from 
Hung et al. [7] (n=15) (overall score = 81%), 12 out of 17 novice participants met the 
criteria within 10 repetitions. 
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dIsCussIon
The results of this study showed a fast acquisition of basic robotic surgical skills within 
the first 10 repetitions. Nevertheless, for 8 out of 17 novices, 10 repetitions did not seem 
sufficient to reach expert level on the simulators’ calculated overall score as defined in 
this study (figure 4). Moreover, some parameters seemed inappropriate for expert-based 
criterion training 
This study described skills acquisition on the da Vinci skills simulator in novice partici-
pants on all simulator parameters. Although previous research investigated the learning 
curve of basic skills in conventional laparoscopy, few studies have investigated learning 
curves on basic robot-assisted laparoscopy. Learning of robot skills was studied by Kang 
et al. [10], but that study differed from our study in that they used a different simulator 
table 1 Novices performance on first repetition of training day 1 and 2. 
Parameter Description Day 1 
repetition 1 
Mean (SD)
Day 2 
repetition 1
Mean (SD)
T-value P-value Effect size 
cohen’s d
Overall score 
(%)
Weighted average of all 
parameters
37,1 
(20,2)
74,3 
(16,6)
-7,80 < 0,05 -2.04
Time to 
complete (s)
Total time starts when the 
participant enters the mode 
and ends when all rings are 
at the end of the exercise
517,8 
(179,9)
232,4
(69,9)
7,55 < 0,05 2,67
Instrument 
collisions (n)
Number of times on 
instrument collides with 
another instrument
10,5 
(9,2)
2,7 
(2,46)
4,16 < 0,05 2.40
Critical errors (n) Number of times a critical 
error occurs
4.2 
(1,3)
1,7 
(1,9)
5,53 < 0,05 1.43
Economy of 
motion (cm)
Total distance travelled 
by the Endowrist tools, 
measured from the clevis
716,4
(339,1)
436,2 
135,9)
4,80 < 0,05 2.54
Excessive 
instrument 
force (s)
Total time an applied 
instrument force exceeds a 
given threshold.
42,7
 (55,9)
4,6 
(5,6)
2,70 < 0,05 1.03
Drops (n) Number of times the ring is 
dropped on the floor
0,9
(1,8)
0,2 
(0,4)
1,63 ns 0.64
Instruments out 
of view (s)
Total distance travelled by 
all instruments when not 
in view
6,2 
(7,4)
0,5 
(0,9)
3,031 < 0,05 1.076
Master 
workspace 
range (cm)
Combined radius from two 
spheres that encapsulate the 
path travelled by the master 
grips.
11,1 
(1,3)
11,1
 (1,8)
0,084 ns 0.00
Paired sample t-test, ns = not significant 
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(the dV trainer) and a different task (tube 2). Besides, Kang et al. [10] did not compare the 
novices’ learning curve to expert values. 
Various studies have addressed the comparison of learning basic laparoscopy skills 
and basic robotic skills[12, 13]. Novice surgeons seem to be at an advantage in acquiring 
robot-assisted laparoscopy skills compared with conventional laparoscopy skills. 
We found a relatively steep learning curve for novices compared with expert 
performance. Stefanidis et al.[13] observed that, although novices achieve simulator 
proficiency after relatively short training durations, the attainment of automaticity in 
laparoscopy requires substantially longer training periods. It is likely that this is also 
true for robot-assisted laparoscopy; therefore, novices should train for longer to attain 
automaticity in skills needed to reach an expert level. 
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experts 1st, 2nd and 3rd repetition; n=3)
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When we take a closer look at the separate parameters, we see different learning curve 
patterns in the various parameters. The score of ‘time to complete’, for instance, shows 
a steady improvement across the 10 repetitions. Novices approach expert performance 
within 10 repetitions (figure 4B). This parameter shows a steady learning effect and 
therefore seems appropriate in criterion based training. However, caution should be 
exercised to not only train with regard to time, since time should not be the primary or 
sole goal of training. In real operating-room circumstances, a good procedure is more 
dependent on quality and safety than on time. ‘Instrument collision’ shows a steady 
improvement from 1 to 10 repetitions as well. Most novices reach expert performance 
within 10 repetitions. This seems an appropriate parameter, since instrument collision 
seems to measure the ability to control the instruments well (figure 4C).
The criterion ‘critical errors’ also shows a steady and significant improvement from 1 
to 10 repetitions. This seems an appropriate training target. However, it is not clear how 
this score is calculated and what is defined as errors by the simulator. Most likely it is a 
sum of other parameters (figure 4D).
‘Economy of motion’ shows an improvement in the first 5 repetitions but does not im-
prove on the second training day (figure 4E). Possibly, economy of motion is met when 
familiarisation with the task has been achieved (i.e. after 2 or 3 repetitions), or perhaps 
this specific parameter does not suit this task, since in this task motion is limited by the 
rails (figure 2). On the parameter ’excessive instrument force’, novices reach expert level 
in only three repetitions (figure 4F). Most likely this parameter is also scored maximally 
after familiarisation with the task. 
No learning occurred on the parameter ’drops’, and novice performance was equal 
to expert performance. It is probable that scoring maximally on this parameter is not 
difficult (figure 4G). Nevertheless, this ‘error’ parameter seems important, since the ‘real 
life’ impact of an unintended drop can cause safety issues. 
For the parameter ‘Instruments out of view’, the criterion based on expert performance 
seems not appropriate (figure 4H). In line with Perrenot et al. [14], one of our test experts 
verbally explained that having instruments out of view is common in expert hands, 
because these experts have experience with working with a third robot arm or because 
they know exactly where the instruments are without having them in sight. Training 
targets should therefore not be based on expert levels but on the didactic goal of teach-
ing novices to work safely by keeping instruments in view. An appropriate criterion for 
‘instruments out of view’ should therefore be set higher than expert performance level. 
As for the parameter ‘drops’, no learning occurred on the parameter ‘master workspace 
range ‘ (figure 3I). It is possible that this parameter does not suit this exercise, since the 
workspace is limited by the ring around the rail most of the time (figure 1).
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In summary, there is some cause to doubt whether all of the parameters of the da Vinci 
skills simulator are appropriate parameters to use in expert-based criterion training. The 
parameters that lack a learning effect are less suitable for monitoring novice improve-
ment. 
Training to an overall score seems the most convenient and simple way to use the VR 
simulator. Nevertheless, the overall score should be used with some caution, because 
it weighs error scores such as ‘drops’ or ‘excessive instrument force’ with performance 
scores such as ‘time to complete’ and ‘economy of movement’. In that set-up, an error 
can be compensated by a good performance in terms of time or economy of motion. 
It is recommended that the ‘critical error’ parameter be used in order to stimulate safe 
working. In addition, our study shows that criteria based on expert performance can be 
dependent on the tested experts, the level of expertise and the method of testing, as 
demonstrated by the difference in overall score between our study and the validation 
study of Hung et al. [7]. As a consequence, the Pass/Fail cut-off is dependent on the 
chosen criteria and should be defined properly. 
ConCLusIons
Basic robotic skills can be learned relatively fast with the da Vinci skills simulator, but not 
all parameters are appropriate for the criterion based training of robotic skills. Expert-
based criteria for the ‘ring and rail II’ task seem appropriate for the parameters ‘overall 
score’, ‘time to complete’, ‘instrument collisions’ and ‘critical errors’. If appropriate criteria 
for all tasks are defined, the da Vinci skills simulator is a promising tool for facilitating a 
criterion based training program for basic robotic skills. 
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AbstRACt
objective
To answer the research questions: (1) what are the training pathways followed by the 
first generation of robot urologists? and (2) what are their opinions on the ideal training 
for the future generation? 
Materials and methods
Data were gathered with an online questionnaire and semi-structured interviews in 
a mixed-method research design. The questionnaire elicited data on demographics 
of robot urologists (n = 97), information on the training they completed, and their 
opinions on ideal robot training for a future generation. One-on-one interviews with a 
cross-European selection of respondents to the questionnaire (n = 11) focused on their 
experiences during training, their preferences regarding pre-patient related learning, 
and their opinions on patient-related learning.
Results
Results show that training approaches differed from hardly any formal training to 
complete self-initiated criterion based training programmes with all available learning 
resources.  Median number of supervised procedures at the start of robot-assisted lapa-
roscopy was 5 (range 0-100). According to the respondents, the most important training 
components for a future generation were supervision (mean = 4.7 on 5-points scale, 1= 
not important at all, 5 = very important), live observations (4.4), video observations (4.3), 
and table assisting (4.4). Before patient-related console time, respondents indicated 
that the minimum training of robot trainees should consist of: Live observations (94% 
indicated this as essential), video observations (90%), knowledge training (88%), table 
assisting (87%), and basic skills training (70%).
Conclusion
The first generation of robot urologists used different training approaches to start 
robotic surgery. The main problem they experienced was the lack of a structured 
training programme and the lack of clearly defined endpoints. Also, they indicated the 
limited availability of a supervisor as a shortcoming of their training. There is need for 
a structured and compulsory training programme for robotic surgery with clear criteria 
for knowledge training, basic skills training and modular supervised patient-related 
learning. 
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IntRoduCtIon
The introduction of the da Vinci surgical system by Intuitive Surgical in 2000 has changed 
the field of minimally invasive urology [1, 2]. The use of this advanced technological 
device has accelerated the shift from conventional open surgery to minimally invasive 
surgery and has led to a completely different spectrum of required skills for the uro-
logical surgeon. Although the marketing of the da Vinci surgical system was focused 
on ‘intuitive’ usability, it has been shown that there are several technical difficulties and 
possible dangers of using this technically complex device, and that there is a learning 
curve [3]. 
The classic but still most common approach to training surgical skills is master-
apprenticeship learning, which is characterized by trainees (postgraduate, novice, 
apprentice) learning surgical skills by practising directly on patients under supervision 
of a ‘master’ or supervisor. However, this educational strategy is not compatible with 
the introduction of radically new technologies; being the pioneer of a new technique 
forces professionals to start operating on patients without the supervision of a master, 
simply because experienced colleagues are not yet available. At the same time, new 
technological devices that are clinically introduced and used are often only included in 
training programmes for fellows and residents after widespread acceptation. 
Learning to perform robot-assisted laparoscopy can be divided into two broad facets 
[3]: the facet of familiarization with the device before clinical use and the facet of learn-
ing to perform specific operations. Theoretically, the situation is simple if a fully trained 
and competent laparoscopic urologist begins robot-assisted laparoscopy clinically. In 
this case, it seems simply a matter of adding knowledge about the robot to an exist-
ing set of minimally invasive skills. However, the situation is different for urologists or 
urologists-in-training who elect to begin using the robot without prior laparoscopic or 
open experience. In this situation, the two facets, familiarization with the device and 
learning the procedure, go hand in hand. While the first generation of urologists had 
to learn robot-assisted laparoscopy without a supervisor in their hospital, there is now 
a shift to a next generation that has the possible advantage of a supervisor in their 
hospital. This study aims to answer to following research questions: (1) what are the 
training pathways followed by the first generation of robot urologists? and (2) what are 
their opinions on the ideal training for the future generation? 
MetHod
We used a mixed-method research design with quantitative data collected by means 
of an online questionnaire and qualitative data collected in semi-structured interviews. 
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Participants
Subscribers to the EAU robot urology section (ERUS) mailing list were invited to com-
plete the online questionnaire if they were currently active as robot urologists or if they 
had previous experience in robot-assisted laparoscopy. The final question was whether 
the respondent would be willing to participate in an interview. Of those who agreed to 
participate, a cross-European group of robot urologists was selected. 
Questionnaire 
The questionnaire contained 19 multiple-choice and Likert scale questions (5 point 
scale, 1= not important at all, 5 = very important). It consisted of three parts. The first 
part focused on demographic data e.g. year of start with robot-assisted laparoscopy 
and number of procedures performed. The second part contained questions about 
the training the robot urologists completed, e.g. what kind of training they received, 
how many hours they spent training and how many procedures they performed under 
supervision. The third part elicited their opinions on how an ideal robot training should 
be organised, e.g. what kind of training a future generation should receive, what the 
minimum of training should be for a future generation and how the respondents would 
rate the different training components.
Interviews
An interview protocol was developed based on three main themes (Experience in 
training, preferred way of pre-patient-related learning and opinions on patient-related 
learning). Contents of the interview protocol were validated by further consensus in the 
research group, which consisted of clinicians and educationalists. Pilot interviews were 
conducted with two urologists and one urologist in training. Between March and May 
2013, 11 semi-structured interviews with experienced robot urologist across Europe were 
conducted by the principal researcher (WB). The interviews lasted a median of 20 min. 
(range 12 to 33 min.). All interviews were one-on-one interviews that were audio-taped. 
Three interviews were conducted by telephone and eight interviews were conducted 
in person during the EAU meeting 2013 in Milano, Italy, or in the office workplace of 
the interviewee. Participation was voluntary, and informed consent was obtained with 
assurance of anonymity throughout the study.
data analysis
Pearson’s correlation coefficient was used for the level of correlation between answers of 
the questionnaire. All audio-recorded interviews were transcribed verbatim by an inde-
pendent secretary and rechecked with the recordings to ensure accuracy. Subsequently, 
transcripts were imported into a software programme for qualitative data analysis (Atlas.
ti version 7). The transcripts were thematically coded by the principal researcher (WB) 
Training robotic surgery in urology: experience and opinions of European robot urologists 85
using a predefined coding scheme based on the questionnaire results and the three 
main themes: experienced training, preferred way of pre-patient related learning and 
opinion on patient related learning. To measure inter-observer reliability, 25% of tran-
scripts were independently coded by a second researcher (AdV); reliability turned out 
to be sufficient (Cohen’s kappa = 0.74). Thereafter, all interviews were summarized using 
the final coding scheme. The responses were categorized into the three themes. Finally, 
quotes were selected to illustrate findings. 
ResuLts
The questionnaire was completed by 164 persons, 97 of whom belonged to the target 
audience (practising robot urologists, n = 89; previous robot surgery experience, n = 8). 
Median year of start with robot-assisted laparoscopy was 2010 (2000-2012), median age 
was 43 (31-64), and 93% of respondents were male. Experience and training character-
table 1. Experience and training characteristics of robot urologists (n=97)
Percentage of participants Median (min-max)
Procedure performed
RA laparoscopic prostatecomy 82% 80,0   (0 - 2700)
RA (partial) nefrectomy 54% 10,0   (0 - 320)
RA pyeloplasty 61% 3,0     (0 - 250)
RA cystectomy 32% 0,0     (0 - 300)
RA ureteral reimplantation 25% 0,0     (0 - 20)
RA colpopromontofixation / sacrocolpopexie 14% 0,0     (0 - 150)
RA adrenalectomy 14% 0,0     (0 - 12)
types of training experienced Median days spent
(min-max)
Live observations 90.0% 5,0 (0-50)
Video observations 94.3% 3,5 (0-40)
Table assisting 71.4% 3,0 (0-50)
Knowledge 81.4% 1,5 (0-25)
Dry-lab basic skills  78.6% 1,0 (0-15)
Dry-lab procedural steps 60.3% 0,5 (0-15)
Animal 61.4% 0,5 (0-10)
Virtual reality basic skills 30.4% 0,0 (0-15)
Cadaveric training 16.5% 0,0 (0-14)
supervision
Were you supervised and during how many procedures? 94.4% 5,0 (0-100)
RA = Robot assisted
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istics of the respondents are given in Table 1. Of the respondents to the questionnaire, 
51 indicated to be willing to participate in the interview. We continued the interviews 
until saturation (no additional information) was reached. In total, 11 interviews were 
conducted. 
training experience of the first generation of robot urologists  
All participants prepared themselves for robotic surgery by doing some form of training. 
Seven out of 11 interviewed urologists had a background in laparoscopy, 4 out of 11 
switched from open surgery to robot-assisted laparoscopy. The questionnaire results 
and interviews revealed that training approaches differed from 1 or 2 days of training to 
complete self-initiated criterion based training programmes with all available learning 
resources and for many hours.
According to the questionnaire results, 94.4% of the participants were supervised 
during a median of 5.0 procedures. The number of supervised procedures was not cor-
related to year of start with robot-assisted laparoscopy (Pearson’s rho = -0.17). 
In the interview we asked the robot urologists in what way the training helped them 
in performing the first procedure. They indicated that it provided some basic knowledge 
and familiarization with the robot (6 out of 11), 
Of all the interviewed urologists, 2 out of 11 declared that there was no lack in their 
preparation, and 4 out of 11 indicated that they would have preferred a supervisor for 
more cases. Three out of 11 interviewees stated that there was a lack of structure in 
training when they were starting. 
The number of procedures to be performed before feeling completely comfortable 
with the console greatly differed between the interviewees. One interviewee out of 11 
declared that he felt completely comfortable after 4 supervised procedures; 3 inter-
viewees felt comfortable after 10 procedures; 4 interviewees felt comfortable after 20 
procedures, and 3 interviewees felt comfortable only after 50 procedures. 
opinions on future training 
According to the respondents to the questionnaire, the most important training compo-
nents for future training were supervision (mean = 4.7 on a 5-point scale), live observa-
tions (4.4), video observations (4.3), and table assisting (4.4).
Minimum training components before allowing the trainee to sit at the console con-
sisted of live observations (94% of the respondents indicated this as essential), video 
observations (90%), knowledge training (88%), table assisting (87%), and dry lab train-
ing of basic skills (70%; see Figure 1).
Opinions were divided on setting an examination before patient-related learning. 
Most participants indicated that trainees should complete their knowledge training and 
basic skills training to proficiency level (7 out of 11) before performing procedures on 
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patients. To quote one of them: ‘In a Playstation game you can’t go to the next level until 
you completed the task. You could set parameters: you are not allowed to do the anasto-
mosis until you can do it in the simulator in 20 minutes. That would make people do their 
homework’.
Five out of 11 participants indicated that, besides objective parameters, the judge-
ment of the supervisor remains important in an examination. 
One question was ‘what could be a reason to stop someone from being trained to 
become a robot surgeon?’ Three out of 11 interviewed robot urologists indicated that 
if you set a test on basic skills and knowledge and trainees fail the test, they should be 
stopped. One participant said: ‘If you don’t pass the test. You need to say, please come back 
6 months later’.
Others indicated failure to progress (3 out of 11) or loss of control (3 out of 11) in 
patient related learning. One of the interviewees could not think of a reason to stop 
anyone and felt that everybody could learn robotic surgery. 
Patient related learning 
The majority of the interviewees indicated ‘dropping the bladder’ in the robot-assisted 
radical prostatectomy as an ideal first step in patient-related learning (9 out of 11). Ac-
Figure 1. Minimum of training for residents or fellows, before patient related console time indicated in 
questionnaire
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cording to the respondents, the task of the supervisor would be to verbally explain (8 
out of 11) and to point out directions on the screen (4 out of 11), ideally with the help of 
a duo console (3 out of 11) or as table assistant (4 out of 11) 
Some robot urologists indicated that if they started a new procedure, a procedure 
they did not perform with robot assistance, for instance a cystectomy, they would just 
start without any extra preparation (2 out of 11) Most of the participants stated that 
they would watch videos (7 out of 11), go and observe others (8 out of 11), and request 
supervision (7 out of 11).  
dIsCussIon
The results of this study reveal large differences in preparation for the first robotic pro-
cedures performed by the first generation of robot urologist. Preparations range from: 
‘I just started, it’s like driving a new car’ to complete self-initiated criterion based train-
ing programmes with all available learning resources, such as video observations, live 
observations, cadaveric training, dry-lab training, procedural training and team training. 
Although some surgeons state that changing from laparoscopy to robot-assisted lapa-
roscopy only made the procedure easier, slow learning curves based on operating time, 
complication rates and surgical margins of up till 200 procedures have been described 
even for those operators transferring from laparoscopy [3, 4]. Serious complications 
such as lower limb compartment syndrome are described for robot-assisted laparos-
copy and seem to be related to suboptimal learning, that is, inexperienced operators 
and prolonged operating time [5, 6]. 
Although ideal training programmes have been described in the literature [7, 8], this 
study is to our knowledge the first one to describe the actual training performed by the 
pioneers in robot urology. It shows that most robot urologists emphasize the need for 
a structured training programme. Knowledge training, observations, table assisting and 
basic skills training are highly recommended for the next generation. Surprisingly, dry-
lab training is more popular than virtual reality training. Possibly this is due to the fact 
that the virtual reality simulator is not widely used yet and thus not all robot urologists 
are familiar with this device. Recent literature [9] reviewed the effectiveness of simula-
tion in the initial phase of training robotics, and virtual reality simulation for robotic 
surgery seems as least as effective as dry-lab training [10]. 
Literature suggests that controlled patient-related learning by supervision does not 
have to negatively impact patient outcomes of robotic surgery [11, 12]. The first robot 
urologists highly recommended supervision for the next generation. Their positive 
opinion about supervision seems to be in contrast with the reported median of only five 
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supervised cases. Retrospectively, the urologists indicated that they would have liked to 
have more supervision. Five supervised procedures seem insufficient to overcome the 
initial and steepest part of the learning curve, and according to most interviewees they 
are even insufficient to feel completely comfortable with the console. 
Another remarkable finding is that although a great portion of robot urologist per-
formed animal training, they do not indicate this as very important or necessary for 
a new generation. A possible explanation for this could be that the evidence for the 
effectiveness of animal training is scarce; it has limitations of species-specific anatomy 
and usually no pathology. Skills that can be learned on an animal model can possibly 
also be learned in a dry lab or virtual reality setting. Another reason could be practical: 
the costs of animal training are high, and most institutions do not have an animal lab. In 
some countries, animal training is even legally forbidden [13]. 
The results of this study show that recommendations of the first generation of robot 
urologists for future training differ from their own experiences. This indicates that they 
judged their own training as suboptimal. Although some brought up the argument 
that no supervisor was available since they were the very first robot urologists, most 
others decided not to do a fellowship or to undergo a supervision period of more 
than 5 procedures. Besides, although virtual reality simulators did not exist in the very 
beginning, dry-lab training was widely available but not extensively used by most of 
the participants. This study confirms the need of a structured and compulsory training 
programme that reduces the large differences in training efforts among practicing robot 
urologists and guarantees the quality of care. 
Our study has some limitations. First, the studied group was selected from a large 
mailing list of individuals interested in robot urology. The participants were European 
robot urologists that were willing to complete a questionnaire or participate in an in-
terview about their training. Possibly this led to a selection bias that influenced the 
reported opinions on training robotics. Secondly, the study group consisted of experts 
in robot urology rather than of experts in robot training or education. Although they 
have experienced training themselves, it may have been difficult for them to know ex-
actly what training components were the most beneficial for them. Besides, this group 
may not have been aware of all the available evidence on training robotics. Therefore, 
when designing the ideal robot curriculum, educationalists should be involved and all 
separate components should be validated. 
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ConCLusIons
Robot urologists of the first generation report to have taken different training ap-
proaches to start robotic surgery. The main problems they experienced were the lack of 
a structured training programme and the limited availability of a supervisor.  
They endorse the need for a structured and compulsory training programme for ro-
botic surgery with clear criteria for knowledge training, basic skills training and modular 
supervised patient-related learning, to minimize the risk that patients pay the price for 
the surgeons’ learning process. 
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suMMARy
The main research questions of this thesis were: how to structure skills training in 
laparoscopy and robot-assisted laparoscopy and how to assess the skills learned. In this 
thesis, several aspects of training laparoscopic and robotic surgery were discussed. As 
stated in the introduction, the current evidence on the value of simulation training in 
laparoscopy caused the discussion about training laparoscopy to shift from: “Is it effec-
tive?” to “How can it be most effective?”[1]. 
In chapter 2 we described a randomised controlled trial that compared training out-
come, skill transferability and skill retention in novices participating in criterion based 
training and in novices participating in time based training of basic laparoscopic skills 
on a virtual reality simulator. The results show that both groups improved their perfor-
mance significantly over the course of the training sessions. Both groups showed skill 
transferability and skill retention, and when comparing the performance parameters of 
the criterion based group and the time based group, their performances in the first, the 
last and the retention training sessions did not differ significantly. Overall, the criterion 
based group spent less time training on the simulator and performed significantly fewer 
repetitions of each task. We concluded that setting criteria in simulation training could 
make laparoscopic basic skills training more effective. Marking criteria and setting these 
as learning goals can prevent overtraining without compromising training results or 
retention of skills. 
In chapter 3 we investigated whether training outcome is affected by multi-modality 
skills training compared to single-modality skills training. We tested 36 participants 
in a protocol that compared training with several simulation devices (a box trainer, 
an augmented reality simulator and a virtual reality (VR) simulator) with training on 
only one simulation device (a VR simulator). Both groups improved their performance 
significantly. The performances of the two groups in the assessment task did not differ 
significantly. In the post-test on the VR, however, the single-modality group performed 
the tasks faster than the multi-modality group, which can be explained by the fact that 
they were much more familiar with the tasks on the VR. We concluded that training of 
basic laparoscopic tasks on single or multiple modalities does not result in different 
training outcomes. Both training methods seem appropriate for the attainment of basic 
laparoscopic skills in future curricula. Nevertheless, training tasks should only be used 
for assessment if all subjects were equally exposed to the assessment task.  
These two chapters helped to answer the general research question on how to struc-
ture laparoscopic skills training, the answer being that it should be criterion based and 
should employ all the available modalities. Chapter 3 also indicated that training tasks 
should only be used for assessment if exposure to the assessment task was equal among 
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the tested subjects, thus giving information on the second part of our research question, 
‘how to assess the skills learned’. 
Chapter 4 described our efforts to introduce a basic laparoscopic urological skills (E-
BLUS) examination on the European level. This exam had previously been validated by 
Tjiam et al. [2, 3]. The results showed that although quality score was passed by 64%, 
most participants did not pass the time criteria. When combining time and quality, 
only 3 participants (4.2%) passed the examination according to the validated criteria. 
According to the questionnaire, 61% of the participants did not have the opportunity 
to train laparoscopic skills. This study revealed that the basic laparoscopic skills level of 
final-year urology residents in Europe was generally low. Their low level of experience 
in laparoscopic procedures had not been compensated by regular basic skills training. 
Although quality of performance was good, most residents did not pass the validated 
time criteria of the E-BLUS examination. The timing and setting of the examination 
should be carefully evaluated to determine its future use. Moreover, the laparoscopic 
skills and knowledge of residents in urology who intend to perform laparoscopy should 
be improved by means of regular laparoscopic training or a dedicated fellowship in 
laparoscopy. 
In chapter 5 we investigated whether a more sophisticated virtual reality simulator 
could be used as an assessment tool. Experienced laparoscopists and medical interns 
were randomly assigned to one of two groups. One group started on the box trainer 
and the other group started on the VR simulator. They performed repetitions of the peg 
transfer task following a crossover study design. A significant correlation was found 
between time to complete the task on the box trainer and the VR simulator. Although 
performances on the box trainer and the VR simulator were correlated, they were not 
interchangeable. A comparison of the performances per system showed that the experi-
enced laparoscopists needed significantly less time to perform the peg transfer task on 
the VR simulator than the medical interns. Four repetitions on the box trainer improved 
subsequent task performance for novice participants on the VR simulator, whereas 
preceding repetitions on the VR simulator did not equally affect subsequent box trainer 
performance. The results imply that assessment on the VR simulator after pre-training 
on the box trainer is acceptable, whereas VR simulator training alone might not suffice 
to pass an assessment on a box trainer. We concluded that a complete validation should 
be performed to validate the VR simulator as an assessment tool for the E-BLUS. 
Our experience in evaluating laparoscopic basic skills training and assessment was 
subsequently used for research on robot-assisted laparoscopy training. In chapter 6, we 
investigated whether the da Vinci skills simulator, a virtual reality simulator developed 
to train basic robotic skills, was able to assess the learning curve in robot basic skills 
training and whether the da Vinci skills simulator was appropriate for criterion based 
training. We tested 17 novices on the da Vinci skills simulator and compared their 
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learning curve patterns with the performances of expert robot urologists. All novices 
significantly improved their performances on the da Vinci skills simulator. They showed 
a steady improvement from 1 to 10 repetitions on the criteria time to complete, instru-
ment collision, critical errors, and instruments out of view. The mean economy of motion 
and mean excessive instrument force showed improvement in the first 5 repetitions but 
did not improve in repetitions 6-10 on the second training day. No learning occurred on 
the drops and master workspace range. We concluded that basic robotic skills can be 
learned relatively quickly with the da Vinci skills simulator, but some parameters, such 
as drops and master workspace range, seemed inappropriate for expert-based criterion 
training, either because no learning occurred or because novice performance was equal 
to expert performance. If appropriate criteria for all tasks are defined, the da Vinci skills 
simulator is a promising tool for facilitating a criterion based training program for basic 
robotic skills. 
In the final study of this thesis, which is presented in chapter 7, we asked experienced 
robot urologists how they trained their skills and how, in their opinion, a future genera-
tion should be trained. Results showed that training approaches differed from hardly 
any formal training to complete self-initiated criterion based training programmes 
with all available learning resources. Median number of supervised procedures at the 
start of robot-assisted laparoscopy was 5 (range 0-100). According to the respondents, 
the most important training components for a future generation are supervision, live 
observations, video observations, and table assisting. Before patient-related console 
time, respondents indicated that the minimum training of robot trainees should consist 
of: live observations, video observations, knowledge training, table assisting, and basic 
skills training.
The results of this study illustrate the different training approaches taken by the 
first generation of robot urologist to start robotic surgery. The main problems the first 
generation experienced were the lack of a structured training program and the limited 
availability of a supervisor. Participants in our study endorsed the need for a structured 
and compulsory training programme for robotic surgery with clear criteria for knowl-
edge training, basic skills training and modular supervised patient-related learning, to 
minimize the risk that patients pay the price for a surgeon’s learning process.
Limitations
This thesis focuses on training to improve performance; nevertheless, we could not 
define the parameters that predict passing the E-BLUS examination. The participants’ 
overall scores on the examination were not significantly correlated with their previous 
operative experience, nor with their self-reported previous training experience. If training 
does not improve assessment scores, then what is the point of an assessment? Possibly, 
the participants’ self-reported experience was not an accurate indication of their actual 
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experience; alternatively, the international and intercultural differences in residency 
training may have been too large to compare the operative and training experience of 
European residents. Efforts should be made to stimulate training of participants and so 
determine if this leads to an improvement of scores on the exam. Moreover, the timing 
and setting of the examination should be carefully evaluated to determine its future use. 
Another limitation is that this thesis focussed on the acquisition of psychomotor skills, 
which is the first part of training laparoscopic and robotic surgery. However, surgical 
procedures are complex tasks requiring both psychomotor and cognitive skills. Van 
Merrienboer et al. [4] described ten steps to complex learning. Tjiam et al. [5] used 
this approach to describe the nephrostomy procedure within urology. It presents an 
approach to designing simulator-based skills training comprising cognitive task analysis 
integrated with instructional design. This educational approach could be very useful in 
laparoscopy and robot-assisted laparoscopy.  It could help to bridge the gap between 
basic motor skills training as described in this thesis and the complex real procedure. 
Future research should focus on cognitive task analysis and should embed basic motor 
skills training in a curriculum which could also highlight several other aspects of laparo-
scopic and robot assisted laparoscopic surgery, such as procedural steps, pit-falls of the 
procedure and human factors like preventing distraction, team work and handling crisis 
situations.
FutuRe PeRsPeCtIVes 
How to train and how to assess?
We have indicated the necessity of setting criteria in training and we have shown 
that setting criteria can make laparoscopy basic skills training more effective. We also 
showed how to use different modalities in training. It seems simple: just use the vali-
dated resources you have. However, in an assessment situation, we have shown that it 
is important to think about which modality is used for training and which modality is 
used for assessment, since they are not as exchangeable as one might think. We noticed 
that at the European level, most of the final-year residents failed a validated laparoscopy 
basic skills exam. This could be due to a lack of training and exposure to laparoscopy. 
This observation is confirmed by a recent questionnaire among European residents by 
Furriel et al. [6], which revealed that most residents consider their laparoscopic experi-
ence to be poor and the availability of training facilities to be low. One may conclude 
that we are still far from the ideal set-up of pre-clinical training that can be finalised by 
an exam before starting patient-related learning. The study we performed indicates that 
most residents do have some experience in laparoscopy, but most did not train their 
basic skills up to the level of automaticity. 
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The phases of learning a new motor skill have been described previously [4]. In the 
first phase, the focus is on quality and accuracy, while speed and time are emphasized in 
a second phase and, finally, time-sharing is introduced to obtain full automaticity of the 
skill. After acquiring basic skills and training these skills to automaticity in a preclinical 
setting, residents can concentrate on the performance of the actual procedure and on 
all the procedural steps when they start applying these skills in the operating room. 
By intensifying basic laparoscopic skills training, a larger part of the learning curve of 
laparoscopic surgery can be shifted from the patient to the skills laboratory. The training 
in the operating room can subsequently be used for time-sharing tasks, such as dealing 
with procedural steps, difficult anatomy or complications, while less attention is needed 
for the technical difficulties of laparoscopic surgery, such as the counter-intuitive move-
ments. 
We believe, in line with Ericsson’s theory, that deliberate practice is the most important 
ingredient for developing expertise and obtaining automaticity in skills [7]. However, we 
fear that without proper assessment and consequences linked to the assessment, there 
will be no deliberate pre-patient practice, and simulation will be considered entertain-
ing and fun instead of being used to its full potential. The ‘carrot and stick’ approach 
is necessary to stimulate training. We assume that the optimal carrot in laparoscopy 
training is clinical exposure: if you pass the test, you are allowed to assist in the OR in 
laparoscopic surgery. The stick is prohibiting assisting in laparoscopy. Likewise, in robot-
assisted surgery, console exposure should only be granted to those who have put effort 
into learning basic skills and have passed assessment based on predefined criteria. 
In our opinion, the role of skills training and assessment in laparoscopy and robot-
assisted laparoscopy will become increasingly important in the near future and remains 
a work in progress. For instance, each advanced laparoscopy course during residency 
should start with basic skills assessment. Also, basic skills assessment should be further 
developed and implemented for robot-assisted laparoscopy. 
other applications of basic skills training
It has been suggested that simulation should not only be used for obligatory skills lab 
training and objective assessment of skills in novice participants, but also for recertifica-
tion purposes. The skills deterioration of older surgeons has never been investigated, but 
recent literature suggests diminished patient outcome for complex surgery performed 
by older surgeons [8]. A study by Neumayer et al. [9] showed that surgeon’s age of 45 
years and older in combination with inexperience in laparoscopic inguinal herniorha-
phies significantly increases the risk of recurrence. The combination of older surgeons 
and highly demanding technologies such as laparoscopy or robot-assisted laparoscopy 
has raised the question of recertification by skills examination.  Powers et al. [10] sug-
gested a simulated laparoscopic surgical crisis situation (intraabdominal hemmorrhage) 
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as a valuable tool for self-assessment and recertification. However, it is questionable 
whether this kind of recertification will be implemented soon. In our opinion, there are 
various difficulties in implementing recertification by simulation. First of all, experienced 
surgeons are not very willing to be tested, as most of them can only lose what they 
have [11]. Secondly, a test should be very well validated and discriminatory to be able to 
separate the competent from the incompetent surgeons. Good surgery is multi-factorial 
and dependent on many factors other than basic skills. To develop a test that tests ex-
actly what has to be tested seems extremely difficult. Nevertheless, after a period of 
inactivity, a simple basic skills test could benefit the experienced surgeon and could 
be implemented to make surgeons aware of skills deterioration over time. This brings 
us to another application of basic skills training described in the literature: training as 
a warm-up for actual laparoscopic or robot-assisted procedures. Even for experienced 
surgeons, warm-up training before surgery has been shown to boost attention, spatial 
reasoning and movement smoothness [12, 13]. 
Procedural simulation training
Virtual reality simulators have the potential benefit of providing procedural training on 
top of basic skills training. Various virtual laparoscopic procedures have been developed 
and have been studied [14, 15]. Procedural training enhances motivation of participants 
and teaches them the procedural steps of laparoscopic surgery. Several studies have 
shown the benefits of procedural training for operating performance [16]. It has the 
potential of facilitating the transfer from skills training to the operating room. Neverthe-
less, summative feedback from the simulator parameters, such as time and economy 
of motion scores, are often of limited value, and studies of procedural tasks have often 
demonstrated a lack of construct validity based on these parameters [Wijn, 2010 #91]. 
More advanced scoring systems should be developed to overcome these shortcomings 
and to facilitate the use of procedural virtual simulation in criterion based training.  
A promising new development is patient-specific simulation. Using a patient’s data 
from computed tomography (CT) imaging, the patient’s organs can be reproduced in 
a virtual reality simulator. This enables surgeons to practice the laparoscopic surgery 
preoperatively based on the patient’s anatomy [17, 18 The true benefit of this technique 
still has to be investigated. In robot-assisted laparoscopy the first full virtual procedures 
are still awaited. 
Training curricula
Basic skills training and assessment should be part of a broader curriculum. As conclud-
ed in chapter 7 and indicated by the literature, the ideal training curriculum should be 
criterion based, including knowledge training, basic skills training, procedural training, 
modular supervised patient-related learning and clinical assessment [19-21]. Training 
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in a skills lab will not replace master-apprentice learning in the operating room. An apt 
illustration is the well-known comparison with the aviation industry. Simulator training 
and flight hours with empty planes are extensively used before graduation in aviation. 
Nevertheless, graduation is followed by many years as a co-pilot, which equals the 
master-apprentice learning in medicine. 
A well-known modular training model for master-apprentice learning described by 
Stolzenburg et al. divided the laparoscopic prostatectomy into 12 component tasks with 
5 levels of difficulty [22]. This modular training approach showed to be a safe and effec-
tive way of learning to perform laparoscopic radical prostatectomy. For robot-assisted 
laparoscopy, this modular training of robot-assisted laparoscopic prostatectomy was 
described by Rashid et al. [23]. By training in a modular and supervised fashion, patient-
related learning can be more effective and can shorten the patient-related learning 
curve.
For an objective assessment of clinical performance, various observational assessment 
tools have been developed and validated. Most well known are the objective structured 
assessment of technical skills (OSATS) [24] and the global operative assessment of lapa-
roscopic skills (GOALS) [25]. An equivalent for robot-assisted laparoscopy in particular 
is the global evaluative assessment of robotic skills (GEARS) [26]. All of these tools have 
been validated to differentiate levels of surgical expertise. In our opinion, these tools of-
fer limited formative feedback and points of improvement in a training setting, and pro-
vide only a general judgement of performance. Detailed feedback on areas of concern 
that need to be addressed can be provided by more specific procedure-related clinical 
assessment tools, such as the tool in colorectal surgery of Miskovic et al. [27], which 
divided the procedure into component tasks. This procedure-specific assessment tool 
should be adapted and validated for minimal invasive urological surgery. More research 
is needed to develop and implement criterion based training of pre-clinical and clinical 
training. Future training should be structured, uniform, and testable to guarantee the 
appropriate level of skills and expertise of every surgeon. 
Recruitment and selection 
While basic skills training and assessment at present are merely used to improve the 
level of performance of all residents, it could possibly also be used for selection. Tak-
ing into account the relatively long learning curve, the costs of training and the call for 
centralisation of complicated surgery [28,29], we could argue that we should not train all 
urology residents in laparoscopic and robotic surgery. Selection could take place during 
residency to avoid several individual surgeon learning curves [30]. Basic skills assess-
ment cannot be the only argument for selecting residents for minimal invasive surgery, 
but the accumulation of basic skills assessment, knowledge testing and clinical assess-
ment scores could possibly select those who are most capable and most motivated. 
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Introduction of new techniques and training
Training could play an important role in enhancing technological development in sur-
gery. By optimizing training and shortening the learning curve of new techniques, an 
objective comparison between new and existing techniques can be performed earlier 
in time. Possibly, fundamental issues can be understood and compared to existing tech-
niques in a controlled setting such as a skills lab or animal lab, before actual patients 
are exposed to the new technology. The question arises whether we learned from the 
past? New technologies that are currently in the developing phase are NOTES (Natural 
Orifice Translumenal Endoscopic Surgery) [31, 32] and SILS (Single Incision Laparoscopic 
Surgery) [33]. Ideally, these techniques should first be extensively tested and trained, 
before being applied in the field [34]. Unfortunately, however, many ‘case reports’ about 
SILS procedures are being published [35-37], most of which do not describe any training 
or preparation to the technique, indicating that once again the patient is being used 
as training medium [38]. In our opinion, each case-report of a new technique should 
contain a section on training, which should answer questions like ‘how did you prepare 
prior to the first clinical introduction of this technique’ and ‘how did you minimise the 
patient-related learning curve’. This should increase the awareness of the importance of 
training before the introduction of a new technique. 
In view of the fast progress of technological innovations, it is important to teach resi-
dents and professionals strategies for safe and effective implementation of innovations. 
Professionals should anticipate by developing training before the innovation is widely 
implemented.
Since we cannot know what knowledge will be most needed in the future, it is senseless to 
try to teach in advance. Instead we should try to turn out people who love learning so much 
and learn so well that they will be able to learn whatever needs to be learned. (John Holt)
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Training en beoordeling van vaardigheden gebaseerd op streefwaarden
In dit proefschrift ligt de focus op preklinische training van laparoscopie en robot geas-
sisteerde laparoscopische training in urologie. Het onderzoek in dit proefschrift bekijkt 
ten eerste hoe we deze vaardigheden kunnen trainen en ten tweede hoe we de garantie 
hebben dat assistenten het juiste niveau van vaardigheden hebben voordat ze op pati-
enten mogen leren. 
De onderzoeksvraag is: Hoe kunnen we de vaardigheidstraining van laparoscopie en 
robot geassisteerde laparoscopie structureren, en hoe kunnen we de geleerde vaardig-
heden toetsen? 
Recent onderzoek heeft aangetoond dat simulatie training van laparoscopie absoluut 
zinvol is. De vraag in de discussie is daardoor veranderd van ‘Is laparoscopie training 
effectief?’ naar ‘Hoe is laparoscopie training het meest effectief?’ [1].
Wat is laparoscopie?
Laparoscopie is een operatie in de buik of het bekken, uitgevoerd door kleine incisies 
en gebruik van lange instrumenten en een camera. De voordelen van laparoscopische 
chirurgie ten opzichte van open chirurgie kunnen zijn: minder pijn na de operatie voor 
de patiënt, sneller herstel en kleinere littekens. Mogelijke nadelen zijn echter de hogere 
kosten van de instrumenten, een langere leercurve en verdwenen haptische feedback 
(minder goed kunnen voelen wat je doet).
Robot geassisteerde laparoscopie 
Robot geassisteerde laparoscopie wordt gezien als de evolutie in laparoscopische 
chirurgie. Op dit moment is de da Vinci® Surgical System (dVSS) het enige beschikbare 
telerobotic systeem voor laparoscopische chirurgie bij de mens. De dVSS is in 2000 vrij 
gegeven voor gebruik. Sindsdien zijn urologen begonnen om hem te gebruiken bij het 
verwijderen van de prostaat bij prostaatkanker. Inmiddels wordt de dVSS ook succesvol 
gebruikt voor operaties op andere organen van de urinewegen, zoals de blaas en de 
nieren.
Laparoscopische training gebaseerd op vaste criteria vermindert de trainingstijd 
In hoofdstuk 2 beschrijven we een ‘randomised controlled trial’ die twee manieren van 
trainen vergelijkt. De eerste manier is het trainen met een simulator en vaste criteria, en 
de tweede manier is een op tijd gebaseerde training met een simulator. De resultaten 
laten zien dat beide groepen even goed presteren in trainingsresultaat; in overdraag-
baarheid van vaardigheden naar een andere simulator en in behoud van vaardigheden. 
Echter, de groep die trainde met vaste criteria of streefwaarden, had minder tijd nodig 
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en verrichte significant minder herhalingen van de oefeningen. De conclusie van dit 
onderzoek is dat het stellen van criteria bij het trainen van basis vaardigheden, training 
effectiever kan maken omdat het overtraining voorkomt en het geen nadelig invloed 
heeft op het resultaat of het behoud van de vaardigheden. 
Vergelijking gebruik van verschillende simulatoren versus een enkele simulator. 
In hoofdstuk drie deden we onderzoek naar het verschil tussen het gebruik van één 
enkele simulator en het gebruik van meerdere verschillende simulatoren. Een groep van 
36 deelnemers werd getest in een situatie waarin de combinatie van een box trainer, een 
augmented reality simulator én een virtual reality simulator werd vergeleken met alleen 
een virtual reality simulator.  
De resultaten laten zien dat beide groepen even goed presteren in het trainingsre-
sultaat en in de toetstaak. De groep die op één simulator oefende was beter in de oefe-
ningen in de eind test. Dit kan verklaard worden doordat ze deze specifieke oefeningen 
veel vaker hadden gerepeteerd. De conclusie van dit onderzoek is dat het trainen op 
één of meerdere simulatoren niet leidt tot verschil in trainingsresultaat. Beide manieren 
zijn geschikt maar trainingstaken dienen alleen voor toetsing gebruikt te worden als alle 
deelnemers evenveel blootstelling aan de taken hebben. 
Deze twee hoofdstukken hielpen in het beantwoorden van de hoofdonderzoeksvraag: 
Hoe moeten we laparoscopische en robot geassisteerde laparoscopische vaardigheids-
training structureren? Dit kunnen we doen met behulp van criteria en met de beschik-
bare simulatie modaliteiten. Ook is duidelijk geworden hoe we moeten toetsen. Taken 
om te oefenen, kunnen alleen gebruikt worden voor toetsing als beschikbaarheid van 
de taken gelijk is onder de deelnemers. Dit leidt ons naar het tweede gedeelte van de 
onderzoeksvraag; hoe kunnen we de geleerde vaardigheden toetsen? 
Resultaten van het Europese fundamentele laparoscopische urologische vaardigheden 
examen
Hoofdstuk 4 beschrijft de introductie van het ‘basic laparoscopic urological skills’ exa-
men op Europees niveau. Dit examen werd afgelegd op een box-trainer. De resultaten 
van het Europese examen laten zien dat hoewel de kwaliteitsscore gehaald werd door 
64% van de deelnemers, de meesten het tijdscriteria niet haalden. Als we tijd en kwali-
teitscriteria combineren dan haalden slechts 3 deelnemers (4,2%) het examen. Op basis 
van de afgenomen vragenlijst bleek dat maar 61% de mogelijkheid had om in hun eigen 
kliniek laparoscopische vaardigheden te trainen. Deze studie toonde dat het niveau van 
basis laparoscopische vaardigheden van laatstejaars assistenten urologie laag is. Het 
gebrek aan ervaring in echte laparoscopische ingrepen van de laatstejaars assistenten 
werd niet gecompenseerd door regelmatige training van basis vaardigheden. De set-
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ting en timing van het examen moet voor gebruik in de toekomst geëvalueerd worden. 
Daarnaast zou regelmatige training van laparoscopische vaardigheden het niveau van 
laparoscopische vaardigheden moeten verhogen.  
Beoordeling van laparoscopische vaardigheden op virtual reality simulator of box trainer
Als vervolg op het vaardigheidsexamen op een box trainer, zoals beschreven in hoofd-
stuk 4 hebben we in hoofdstuk 5 onderzocht of we een meer geavanceerde virtual 
reality simulator (VR simulator) konden gebruiken als toets instrument. Ervaren laparo-
scopisten en medische studenten werden willekeurig verdeeld over twee groepen. Een 
groep startte op de box trainer en de andere groep op de VR simulator. De vergelijkingen 
tussen de scores per systeem toonden dat de ervaren laparoscopisten de taak op de VR 
simulator in significant minder tijd volbrachten dan de medische studenten. Vier repeti-
ties op de box trainer verbeterden de daaropvolgende taken op de VR simulator, terwijl 
taken op de VR simulator niet de scores op de daaropvolgende taken op de box trainer 
verbeterden. De resultaten tonen dat toetsing op VR na training op een box acceptabel 
is, terwijl VR training alleen mogelijk niet voldoende is om de toets op een box trainer te 
halen. We concludeerden dat een complete validatie plaats zou moeten vinden om de 
VR simulator te valideren voor het toetsen van het E-BLUS examen. 
Robot geassisteerde training 
Onze ervaring in training en toetsing van basis laparoscopie vaardigheden is vervolgens 
gebruikt in onderzoek naar robot geassisteerde laparoscopie training. We onderzochten 
of de da Vinci skills simulator (een virtual reality simulator ontwikkeld om basis robot 
vaardigheden te trainen) geschikt was om de leercurve van basis robot vaardigheden 
te bepalen en of hij ook geschikt was voor het trainen naar streefwaarden. We testten 
17 beginners op de da Vinci skills simulator en vergeleken hun scores met ervaren robot 
urologen. 
Alle beginners verbeterden hun prestaties significant op de da Vinci skills simulator. 
De parameters; tijd, instrument botsingen, kritieke errors en ‘instrument-buiten-beeld’, 
toonden een geleidelijke verbetering van 1 tot 10 repetities. De gemiddelde ‘efficiëntie 
van bewegingen’ en gemiddelde ‘excessieve kracht op het instrument’ toonden verbe-
tering in de eerste 5 repetities, maar verbeterden niet tijdens de 6 tot 10e repetitie op de 
tweede trainingsdag. Er werd niet geleerd op de parameters ‘laten vallen’  en ‘benodigde 
werkruimte’. We concludeerden dat basis robot vaardigheden relatief snel geleerd kun-
nen worden met hulp van de da Vinci skills simulator, maar sommige parameters zoals 
‘laten vallen’ en ‘benodigde werkruimte’ zijn niet geschikt voor deze manier van trainen. 
Als we voor alle taken criteria kunnen definiëren is de da Vinci skills simulator een veel 
belovend instrument om een trainingsprogramma met streefwaarden te faciliteren. 
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Het trainen van robotchirurgie: ervaringen en meningen van de Europese robot urologen
In de laatste studie van dit proefschrift, beschreven in hoofdstuk 7, hebben we ervaren 
robot urologen gevraagd hoe ze hun vaardigheden hebben getraind en hoe ze vinden 
dat een toekomstige generatie vaardigheden zou moeten trainen. De resultaten laten 
zien dat de voorbereiding van de experts verschilt van nagenoeg geen voorbereiding, 
tot compleet zelf geïnitieerde trainingsprogramma’s met alle beschikbare middelen. 
De belangrijkste trainingscomponenten volgens de ondervraagden zijn supervisie, live 
observaties, video observaties en assisteren aan tafel. Componenten die een volgende 
generatie zou moeten verrichten voordat men mag leren in de buurt van een patiënt, 
zijn: live observaties, video observaties, kennis training, assisteren aan tafel en basis 
vaardigheden training. 
De resultaten van deze studie illustreren de verschillende manieren van training, die 
zijn gevolgd door de eerste generatie. De problemen die zij daarbij hadden waren het 
ontbreken van een gestructureerd trainingsprogramma en beperkte beschikbaarheid 
van een supervisor. Ze benadrukken het belang van een gestructureerd en verplicht 
trainingsprogramma met duidelijke criteria voor kennis, basisvaardigheden en modulair 
gesuperviseerde patiënt gerelateerde training. Op deze manier minimaliseren we de 
mogelijkheid dat de patiënt de prijs betaalt voor het leren van de chirurg. 
beperkingen
Hoewel dit proefschrift verscheidene antwoorden geeft zijn er ook enkele beperkingen. 
Dit proefschrift gaat over training om prestatie te verbeteren, toch konden we geen trai-
ningsparameters definiëren die de prestatie op het E-BLUS examen voorspelden. Zowel 
eerdere operatieve ervaring als in de vragenlijst aangegeven eerdere trainingservaring 
waren niet significant gerelateerd aan de overall score op het examen. 
Als toetsresultaten niet verbeteren door training waarom zouden we dan trainen? Mo-
gelijk is de door de deelnemers opgegeven ervaring niet een eerlijke representatie van 
hun werkelijke ervaring. Een andere mogelijkheid is dat de internationale verschillen 
te groot waren om de operatieve en trainingservaring van de Europese assistenten te 
vergelijken. De training van assistenten zou gestimuleerd moeten worden om vervol-
gens te kijken of dit leidt tot een betere score op het examen. De timing en setting van 
het examen zouden daarnaast geëvalueerd moeten worden voordat het examen verder 
gebruikt kan worden. 
Een andere beperking van dit proefschrift is dat het alleen het eerste gedeelte van 
laparoscopie en robot geassisteerde laparoscopie training beschrijft. Dit is maar een 
klein gedeelte van het uiteindelijke leren van deze techniek. Meer onderzoek is nodig 
om dit onderzoek te integreren in een trainingscurriculum en om zo ook het patiënt 
gerelateerde leren van laparoscopie en robot geassisteerde laparoscopie te verbeteren. 
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trainen naar criteria en toetsen van vaardigheden 
De noodzaak van het vaststellen van criteria in de training, is duidelijk. We hebben 
daarnaast laten zien dat het stellen van criteria de training van basisvaardigheden in 
de laparoscopie effectiever kan maken. We lieten zien hoe de verschillende simulatoren 
kunnen worden gebruikt in de training. Het lijkt simpel, gewoon gebruik maken van 
de gevalideerde middelen die je hebt. Maar in een toetsingssituatie hebben we aan-
getoond dat het belangrijk is om na te denken over welke simulator te gebruiken voor 
de toetsing en welke simulator voor de training, omdat ze niet zo uitwisselbaar zijn als 
men zou denken. We hebben gemerkt dat op Europees niveau, de meeste laatstejaars 
assistenten een gevalideerd examen in laparoscopie basisvaardigheden niet haalden. 
Dit kan een gevolg zijn van een gebrek aan training en blootstelling aan laparoscopie. 
Deze constatering wordt bevestigd door een recent uitgevoerde enquête onder 
Europese assistenten door Furriel et al. [6] die stelde dat de meeste assistenten hun 
laparoscopische ervaring als slecht ervaren en stellen dat de beschikbaarheid van 
trainingsfaciliteiten laag is. Tegenwoordig zijn we nog ver van de ideale set-up van de 
preklinische opleiding die wordt afgesloten met een examen, voordat er begonnen 
wordt met patiënt gerelateerd leren. De studie die we hebben uitgevoerd toonde dat 
de meeste assistenten enige ervaring in laparoscopie hebben, maar dat de meesten hun 
basisvaardigheden niet hebben geautomatiseerd. De fasen van het leren van nieuwe 
motorische vaardigheden zijn eerder beschreven [4]. In de eerste fase ligt de nadruk 
op kwaliteit en nauwkeurigheid , terwijl de snelheid en tijd worden benadrukt in een 
tweede fase. Tot slot wordt time-sharing geïntroduceerd om volledig automatisme 
van de vaardigheid te verkrijgen. Door de verwerving van basisvaardigheden en het 
trainen van deze vaardigheden naar automatisme in een preklinische setting, kunnen 
artsen in opleiding zich concentreren op de uitvoering van de feitelijke procedure en 
van alle procedurele stappen in de operatiekamer. Door intensivering van het trainen 
van basis laparoscopische vaardigheden, kan een groter deel van de leercurve van 
laparoscopische chirurgie worden verlegd van de patiënt naar het skillslab. De training 
in de operatiekamer kan vervolgens worden gebruikt voor time-sharing taken, zoals het 
omgaan met procedurele stappen, moeilijke anatomie of complicaties, terwijl minder 
aandacht nodig is voor de technische moeilijkheden van laparoscopische chirurgie, 
zoals de contra-intuïtieve bewegingen. 
Aanbevelingen
Wij geloven, naar analogie van Ericsson theorie, dat oefenen het belangrijkste ingredi-
ent is voor het ontwikkelen van deskundigheid en automatisme van vaardigheden [7]. 
We vrezen echter dat zonder een goede toetsing en de gevolgen verbonden aan de 
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toetsing, er geen pre-patiënt oefenen plaats vindt. Simulatie zal als onderhoudend en 
leuk worden gezien maar niet worden gebruikt tot zijn volledige potentieel. 
De ‘wortel en de stok aanpak’ lijkt nodig om trainen te stimuleren. De beste wortel in 
laparoscopie training lijkt de klinische blootstelling: als je de toets haalt, is het toe-
gestaan  om te assisteren op de operatiekamer bij laparoscopische chirurgie. De stok 
is een verbod op het assisteren bij laparoscopie. In robot geassisteerde chirurgie zou 
het bedienen van de robot console voorbehouden moeten worden aan degenen die 
energie hebben gestoken in het trainen van vaardigheden naar vooraf bepaalde criteria.
Naar onze mening zal de rol van het trainen van vaardigheden en toetsing in laparo-
scopie en robot geassisteerde laparoscopie in de nabije toekomst steeds belangrijker 
worden en blijft het een ‘work in progress’. Elke vervolg cursus in laparoscopie tijdens 
de opleiding zou moeten beginnen met de toetsing van basisvaardigheden. Ook voor 
robot geassisteerde laparoscopische basisvaardigheden zou toetsing verder moeten 
worden ontwikkeld en geïmplementeerd.
Andere toepassingen van de training van basisvaardigheden
Naast de uitvoering van de verplichte vaardigheidstraining en objectieve beoordeling 
van vaardigheden bij beginnende deelnemers, wordt er gesuggereerd om simulatie te 
gebruiken voor hercertificeringsdoeleinden. De vaardigheden van oudere chirurgen 
werden nooit in twijfel getrokken, maar er is recente literatuur die wijst op een slechtere 
uitkomst van chirurgie van complexe operaties uitgevoerd door oudere chirurgen [8]. 
Uit een studie door Neumayer et al. [8] is gebleken dat de leeftijd van 45 jaar en ouder 
in combinatie met onervarenheid in laparoscopische liesbreuk operaties, het risico 
verhoogt op een recidief. Door de combinatie van oudere chirurgen en veeleisende 
technologieën zoals laparoscopie of robot geassisteerde laparoscopie is de vraag naar 
hercertificering opgekomen. Powers et al. [10] stelde een gesimuleerde laparoscopische 
chirurgische crisissituatie (intra-abdominale bloeding) als waardevol instrument voor 
zelfevaluatie en hercertificering. Het is echter de vraag of dit soort hercertificering op 
korte termijn zal worden uitgevoerd. Er zijn naar onze mening verschillende problemen 
bij de uitvoering van hercertificering door middel van simulatie. Allereerst zullen erva-
ren chirurgen niet erg bereid zijn om zich te laten testen, daar de meesten alleen iets te 
verliezen hebben [11]. Daarnaast moet een test zeer goed gevalideerd en discrimine-
rend kunnen zijn om de competente van de incompetente chirurg te scheiden. Goede 
chirurgie is multi-factorieel en afhankelijk van vele andere facetten dan basisvaardig-
heden alleen. Een test die precies test dat wat moet worden getest lijkt uiterst moeilijk 
te ontwikkelen. Toch zou de ervaren chirurg profijt kunnen hebben van een test van 
eenvoudige basisvaardigheden na een periode van inactiviteit zodat hij of zij bewust is 
van het achteruitgaan van vaardigheden en dit zelf door training kan verbeteren. 
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Dit brengt ons bij een andere toepassing van basisvaardigheden training beschreven 
in de literatuur, de training als warm-up van de werkelijke laparoscopische of robot 
geassisteerde procedure. Warm-up training voor de operatie is bedoeld om aandacht, 
ruimtelijk redeneren en economy of motion te verbeteren en zou zelfs een boost kun-
nen geven aan ervaren chirurgen [12, 13].
Procedurele simulatie training
Virtual reality simulatoren hebben het voordeel van procedurele simulatie naast basis-
vaardigheden. Verschillende virtuele laparoscopische procedures zijn ontwikkeld en 
onderzocht [14,15]. Hoewel studies de voordelen hebben aangetoond van procedurele 
training in vergelijking met geen training, zijn er geen onderzoeken die het voordeel 
van procedurele training ten opzicht van alleen basisvaardigheden training bewijzen in 
prestaties op de operatie kamer [16]. 
Een andere veelbelovende nieuwe ontwikkeling is de patiënt specifieke simulatie. 
Deze virtual reality simulator maakt gebruik van gegevens van de patiënt via computer-
tomografie (CT) beeldvorming en biedt de mogelijkheid om organen van de patiënt te 
reproduceren in de simulator. Chirurgen kunnen de laparoscopische chirurgie preope-
ratief oefenen op basis van de anatomie van de patiënt [17,18]. Het echte voordeel van 
deze techniek moet nog worden onderzocht. In robot geassisteerde laparoscopie wordt 
nog gewacht op de eerste virtuele volledige procedures. 
Voorbeelden van training curricula 
De opleiding basisvaardigheden en beoordeling moet deel uitmaken van een breder 
curriculum. Zoals geconcludeerd in hoofdstuk 7 zou het ideale trainingscurriculum - cri-
terium gebaseerd zijn op kennis basisvaardigheden, procedurele training en modulair 
gesuperviseerd patiënt gerelateerd leren [19-21].
Training in een skills lab zal het meester-gezel leren in de operatiekamer niet ver-
vangen. De vergelijking die vaak wordt gemaakt met de luchtvaartindustrie past hier. 
Simulator training en vlieguren met lege vliegtuigen worden veelvuldig gebruikt voor 
het afstuderen in de luchtvaart. Na het afstuderen, volgen jaren als co-piloot die gelijk 
zijn aan het meester-gezel leren in de geneeskunde.
Een bekend modulair opleidingsmodel voor meester-gezel leren, wordt beschreven 
door Stolzenburg et al. die de laparoscopische prostatectomie verdeeld in twaalf seg-
menten met vijf moeilijkheidsgraden [22]. Deze modulaire aanpak van de opleiding 
bleek een veilige en effectieve manier van leren van de prostatectomie. 
Voor robot geassisteerde laparoscopie is deze modulaire opleiding voor de prostatec-
tomie beschreven door Rashid et al. [23]. Door training op een modulaire en gecontro-
leerde manier, kan leren effectiever worden en kan de patiënt gerelateerde leercurve 
worden verkort.
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Als objectieve beoordeling van klinische prestaties, zijn er verschillende observa-
tionele evaluatie-instrumenten ontwikkeld en gevalideerd. De meest bekende is de 
objectieve gestructureerde beoordeling van de technische vaardigheden (OSATS) [24] 
en de globale operatieve beoordeling van laparoscopische vaardigheden (GOALS) [25]. 
Een alternatief  speciaal voor robotgeassisteerde laparoscopie is de globale evaluatieve 
beoordeling van robotachtige vaardigheden (GEARS) [26]. Al deze instrumenten zijn 
gevalideerd om het niveau van chirurgische deskundigheid te differentiëren. 
Naar onze mening bieden deze tools in een trainingsomgeving beperkte construc-
tieve feedback en slechts een algemeen oordeel van de prestaties. Meer specifieke 
procedure gerelateerde klinische beoordelingsformulieren zijn er bijvoorbeeld in de co-
lorectale chirurgie van Miskovic et al. [27] die de procedure opdeelt in kleine onderdelen 
waardoor gedetailleerde en specifieke aandachtspunten kunnen worden aangegeven. 
Deze procedure specifieke evaluatie formulieren moeten nog worden ontwikkeld en 
gevalideerd voor minimaal invasieve urologische chirurgie. Meer onderzoek is nodig 
voor het ontwikkelen en implementeren van training naar criteria van zowel pre-klinisch 
als klinisch. Toekomstige training moet gestructureerd, uniform, en toetsbaar zijn om 
het juiste niveau van elke chirurg te garanderen.
Training basisvaardigheden als selectiemethode
Terwijl de training van basisvaardigheden en toetsing momenteel gebruikt wordt om 
het niveau van alle assistenten te verbeteren, zou het ook gebruikt kunnen worden voor 
selectie. 
Met de relatief lange leercurve van laparoscopische chirurgie, de kosten van training 
en de vraag naar centralisatie van gecompliceerde chirurgie [28, 29], zouden we kunnen 
stellen dat niet alle urologen in opleiding laparoscopie of robot geassisteerde laparosco-
pie zouden moeten leren. De toetsing van basisvaardigheden kan echter niet het enige 
argument zijn om assistenten te selecteren voor minimaal invasieve chirurgie, maar de 
combinatie van basisvaardigheden toetsing, kennis testen en klinische beoordelingen 
zouden de capabele en gemotiveerde assistenten kunnen selecteren. 
Ophef over nieuwe technieken en training
Dit proefschrift beschrijft de training van laparoscopische en robot geassisteerde chirur-
gie. De introductie van deze technieken is niet zonder slag of stoot gegaan. In 2007 heeft 
de inspectie van de volksgezondheid (IGZ) een rapport gepubliceerd: Risico’s minimaal 
invasieve chirurgie onderschat. In dit rapport, uit de IGZ haar bezorgdheid over endo-
scopische chirurgie in Nederland. Ze stellen dat training van endoscopische chirurgie 
dient te verbeteren en dat er meer uniformiteit tussen de ziekenhuizen zou moeten 
komen. Daarnaast stellen ze nationale samenwerking  in toetsing en certificering van 
vaardigheden voor, zodat een minimum niveau van vaardigheden gegarandeerd wordt. 
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In 2010 is een vergelijkbaar rapport verschenen met betrekking tot robot geassisteerde 
chirurgie. Dit rapport stelde dat in de meeste ziekenhuizen de criteria om robot geas-
sisteerde laparoscopie te starten, vaag waren of helemaal ontbraken. 
De twee rapporten lijken erg op elkaar en laten zien dat de gemeenschap niet lan-
ger de leercurve accepteert als onvermijdelijk nadeel van innovatie. Beide rapporten 
tonen het ontbreken van duidelijke protocollen met betrekking tot het introduceren 
van nieuwe operatie technieken en benadrukken het toenemend belang van training 
voorafgaand aan de introductie van nieuwe technieken. 
Introductie van nieuwe technieken en training
Training kan een belangrijke rol spelen bij de introductie van nieuwe technieken in de 
chirurgie. Door training te optimaliseren en zo de leercurve van nieuwe technieken te 
verkorten, kan er veel eerder een objectieve vergelijking tussen de nieuwe en bestaande 
techniek plaats vinden. Mogelijk kunnen fundamentele aspecten van de nieuwe tech-
niek begrepen en vergeleken worden in een skills of dier lab, voordat echte patiënten 
blootgesteld worden. 
De vraag is of we geleerd hebben van het verleden. Op het moment zijn technieken 
als NOTES (Natural Orifice Translumenal Endoscopic Surgery, chirurgie via natuurlijke 
openingen) en SILS (Single Incision Laparoscopic Surgery, chirurgie via een enkele in-
cisie) in de ontwikkelingsfase. Bij voorkeur zou er eerst uitvoerig getraind en getest 
moeten worden met deze nieuwe technieken voordat ze in het veld gebruikt worden. 
Helaas verschijnen er steeds meer case reports van SILS ingrepen. Bij de meeste meeste 
ontbreekt een uitleg over de training die voorafging aan het gebruiken van de techniek 
[31-38]. Dit wijst erop dat wederom de patiënt als oefenmedium wordt gebruikt. Wij 
zijn van mening dat elk case report over een nieuwe techniek een apart gedeelte over 
training zou moeten bevatten met daarbij vragen als: Hoe was de voorbereiding van 
de klinische introductie van de techniek? En hoe is gepoogd de patiënt gerelateerde 
leercurve te minimaliseren? Dit zou de aandacht voor training, voorafgaand aan de 
introductie van nieuwe technieken moeten vergroten. 
Vanwege snel voorschrijnende technologische ontwikkelingen is het belangrijk om 
artsen in opleiding maar ook specialisten te leren hoe om te gaan met toekomstige ont-
wikkelingen. Als er pas aan training wordt gedacht nadat een techniek al wijd verspreid 
ingezet wordt, lopen we voortdurend achter de feiten aan. 
Het is nutteloos om te onderwijzen voor toekomstige ontwikkelingen aangezien we niet 
weten welke kennis in de toekomst nodig is. Daarentegen zouden we moeten proberen om 
mensen zo leergierig en goed in leren te maken dat ze alle benodigde kennis in de toekomst 
kunnen leren. (John Holt)
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